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WKH VWDWH DJHQF\ WKDW KDV DXWKRULW\ WR DGRSW UHYLV
&RPPLVVIRM EZYDOXDWH SURSRVDOV VXEPLWWHG E\ WKH 6WD!
VWDNHKROGHUV 7KH (QHUJ\ &RPPLVVLRQ PD\ UHYLVH RU UHN
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&RPPLVVLRQTV 7TLWOH ZHEVLWH IRU LQIRUPDWLRQ DER>
KRZ WR SDUWLWKS&SDWHRFHEW 72727 HOHUJ\ FDORBRY SURJUDPYV
WRSLFV SURJUDHOHEBEHIL ORI IMWBPWOQGDUGY G IHOIHWHINLFLHQF\

7KH RYHUDOO JRDO RI WKLM\EHBWRIGSHREKD QVHVRUKISRVDO IRU
QRQUHVLGHQWLDO ERLOHUV DBE VHSRUMH RZRDQWHDIL R M DSMLUQAI L
LQIRUP B WIRRWKIHQBRGH FKDQJH

OHDVXUH "HVFULSWLRQ
%DFNJURQIR®PDWLRQ

Boiler and Service Water Heater System Efficiency

%RLOHUVY DQG ZDWHU KHDWHUV FDSDEOH RI DFKLHYLQJ HIILF
ODUJHU KHDW H[FKDQJHUVY DQG UHFXSHUDWH DGGLWLRQDO V
7TKHVH KLJK HIRLOHODFDRG ZDWHU KHDWHUV DUH UHIHUUHG W
EHFDXVH WKH\ FDQ FRQGHQVH PRLVWXUH RXW RI IOXH JDV U
YDSRU SUHVHQW DQG WKH UHPRYDO RI WKLV ODWHQW KHDW
WKDQ WUBRBLWOHBQ@I®G ZDWHU KHDWHU WHFKQRORJLHV 7KHVI
PD\ LPSDFW WKH DELOLW\ RI FRPEXVWLRQ JDVHV WR HVFDSH
YHQWLQJ $GGLWLRQDOO\ WKH UHFRYHUHG OLTXLG FRQGHQ)
GLVSRVBOKWHRRRI URVLYH SLSLQJ &RQGHQVLQJ SURGXFWV LC
ZDWHU KHDWHUV XWLOL]J]H PRUH H[SHQVLYH VWDLQOHVV VWt
SUHYHQW FRUURVLRQ IURP WKLY DFLGLF FRQGHQVDWH

&RQGHQR/E YU DWHLITRADUWXIILELHRWHQFH EHWZHHQ WKH LQOHW
WHPSHUDWXUHYV I ZDWHU UHWXUQV WR WKH ERLOHU DW WH|I
FRQGHQVLQJ LV QRW OLNHO\ WR RFFXU DQG WKH WKHUPDO
UHDFK SHUFHQW 6LBDWHUON TWIKWHHIFHRYWY IRU ERLOHU V\VYV
UHWXUQLQJ ZDWHU IORZ DW OHDVW SHUFHQW OHVV WKDQ
OLNHOLKRRG WKDW WKH ERLOHU V\VWHP ZLOO RSHUDWH LQ \
KHDWLQJ VA\VWHPYVY GUDREDOHWWVBWHQ WRPNUXFWXUH WKR\
WHPSHUDWXUHY DUH WKXV OLNHO\ WR UHIOHFW ORFDO JURX

f)

$PHULFDQ 6RFLHW\ RI +HDWL Q J&RB®GWLMWHRIDMLIQWX DIQEHSILY  $¢
6WDQGDUG (QHUJ\ BWDQGDUG IRU %XLOGLQJV ([FHSW
% XL O GICTINVQGXPPE®XGHY UHTXLUHPHQWY WKDW VHUYLFH ZD
DERYRLOOURQIWK WKHUPDO XQLWNFXHH YR X US HO BMQW ZH L JK
WKHUPDO HIILFLHQF\ $6+5%( 6\VCBOIQBXEQF®OXGHV VLPLODU

UHTXLUHPHQWY IRU ERLOHU V 0\DW MPXY KEHHWHZ W\WQVH PQ ® X VW D C
DFKLHYH SHUFHQW Z&LJKWHG® WKIHBLHQF\ DORQJ ZLWK WK
WHPSHUDWXUH DQG IORZ UDWH UHTXLUHPHQWY UHIOHFWHG |
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WHPSHUDWXUHY UHTXLUHPHQWY KHOS DVVXUH WKDW WKH OF
HQRXJK WR FRQGHQVHDWIGHHI[@WUID EBVWHKY ODWHQW KHDW LQ \
JDVHYV

Oxygen Concentration Requirements

&RQWUROOLQJ R[\JHQ FRQFHQWUDWLRQ LQ WKH FRPEXVWLR(
RSHUDWIMRKHUH LV QRW HQRXJK R[\JHQ LQ IOXHLFXQY LWKLV LG
LQFRPSOHWH DQG XQEXUQW QDWXUDO JDV LV OHDYLQJ WKH
KHDW ,1 WKHUHRLYHQRIRQPXKK IOXH JDV WKLV LQGLFDWHYV WK
WKH IOXWMKIDVUHVXOWYV LQ OR ZBKLWHPSHR BW MOUXHHY JIDYGZ L W K

VKRUWHU UHVLGHQFH WLPH IRU KHDW V¥R JEHQ H{RVQMHQWHED W IR
FRQWUROV UHTXLUHV G\QBRIGVUWV RRQ QIO BW WKW WR WKH FR
GHFUHDVHV ZLWK LQFUHDVHV L QHWVHEBE-SUH BWSXLLFHD @ O\ KUXHPA_RSR. RV
R[\JHQ WULP PFERWHNRO RSRVLPDO R[\JBY WKQWVHQ\S H DRW LFFR@ W U
DQDO\]|HVW\DBIND QSURYLGHY IHHGEDFN WR WKH FRPEXVWLRQ [
UDWLR RI IXHO WR DLU LV DGMXVWHG IRU PD[LPXP SHUIRUPD

2[\JHQ FRQFHQWUDWLRQ UHTXLUHPHQWY IRU FRPPHUFLDO DC
7TLWOH 3bUwW LQ WKH FRGHV F\FOH DQG KDYH GHPRQV

SURSRVHG &RGH &KDQJH
7KLY SURSRVDO LV PDNLQJ IRXU UHFRPPHQGDWLRQV

*DV %RLOHU 6IX¥WHRSRVHG SUHVFULSWLYH UHTXLUHPHQV
VIVWHPV ZRXOG UDLVH WKH PLQLPXPLWHKE WKFRDND 20 W I U HER
VA\VWHPV IRU VSDFH KHDWLKHUWRODHA HLRIKM\HFG RI SHUFF

N @ 7KLV FKDQJH LPSIDEFERLONUKRW\VEBRN Rl FDSDFL
EHWZHHQ ®IQBNX K LQVWDOOHG LQ DQ\ W\SH RI QHZO\ F
QRQUHVLGHQWLDO EXNGIGRXAWLQBPHIONKEXLOGLQJIV :HLJK
HIILFLHQFLHY DUH FDOFXODWHG EDVHG RIl WKBQ QSXW H
VIVWHP FDSDFLW\ ZRXDGMRWIXGG WZR UHTXLUHPHQWV IR
ZDWHU GLVWULEXWLRQ V\VWHP WKDW DLP WR RSWLPL]H

D +RW ZDWHU UHWXUQ HQWHULQJ WKH ERLOHU V PXVW

E )ORZ UDWHV IRU VXS SION IKRW XZMMWWWHHV WKW FW O\ LQW
VI\VWHP PXVW EH QR JUHDWHU WKDQ SHUFHQW RI W
RSHUDWLQJ ERLOHU

*DV 6HUYLFH :DWHU +HDWH B BRSRNPG SUHVFULSWLYH U
IRU JDV VHUYLFH ZDWHU KHDWLQJ PXRVWRW ZRXOG UDLV|
HIILFLHQFVIRUHI® WRW ZDWHU ERLOHU V\WVWHPV IRU VSDFH
WKHUPDO HIILFLHQFAGRIFW ISRHUERBEW VXEVHFRLVRQ @

FKDQJH LPSDFWV JDV VHUYLFH ZDWHU KHDWLQJ V\VWHPV
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00%WKLQVWDOOHG LQ DQ\ W\SH RI QHZO\ FRQVWUXFWH(
DQG KWUWH PXOWLIDPLO\ EXLOGLQJV :DWHU KHDWLQJ V\\
GZHOOL@RX@BMWVQHHG WR FRPSO\ ,QGLYLGXDO JDV ZDW
FDSDFLW\ OHVV WKIXQK DUH DOVR H[FHSWHG

2[\JH@RQFHQWUPWEBRFHVV #4RLGHBRBRVHG PDQGDWRU\

FKDQJHV ZRXOG DG MXW\R[WKIK VRQFNQWUDWLRQ UHTXLU|
QHZO\ LQVWDOOHG SURFHVV ERLOHUV ZLWK LQSXW FDSD
IURP SHWRHQSHUFHQW >6HFWLRQ G @ 7KLV FKDQJI
FRGH E\ DOLJQLQJ ZLWK FXUUHQW UHTXLUHPHQWYV IRU S|
00%WX K )RU SURFHVV ERLOHUV WKH 6WDWHZLGH &$6( 7
D FODULILFDWLRQ WIRDW YZWKMXPRPEXVFWRDORQROOHG RQO\ |
FRQFHQWUDWLRQ HOLPLQDWLQJ WKH RSWLRQ WR FRQW.U

2[\JHEGQRQFHQWUDW&ROPHUFLDOKAHREORSIRVHG PDQGDWRU
FKDQJHV ZRXO0G UHOWKX RUIHNQ PRRFHQWUDWLRQV RI QR JU
SHUFHQW IRU ERLOHUYV LQVWDOOHG LQ QHZ FRQVWUXFW |
>6HFWLRQ F@ 7KLV FKDQJH DOVR VLPSOLILHV WKH |
VXEMHFW WR R[\JHQ FRQFHQWUDWLRQ UHTXLUHPHQWYV P.
SHUFHOWVRU &XUUHQWO\ FRRMWMKU¥WHD EBRBWK HI®PO O
HIITLFLHQF\ RI SHUFHQW RU KLJKHU DUH QRW UHTXLUHC
UHTXLUHPHQWY 7KLV H[FHSWLRWQ ZZARKIO S UR+ HDOV. FELRQDW K ¢
6WDWHZLGH &$60OVWDRHNVRPPHQGLQJ D FODULILFDWLRQ \
DLU YROXPH EH FRQWUROOHG RQO\ E\ IOXH JDV FRQFHQYV
FRQWURO EDVHG RQ ILULQJ UDWH

7KHLUVIRURSRNGBRLOHU V\VWHP HIILFLHQF\ DQG VHUYLFH KR
VIVRVHIILFLHQF\ UHWRL WHMHRWHW FULSWLY H FRE® DSLSIQ RQ D W
WRHZO\ FRQVWUXFWHG QR QUHAH. 68 ¥ Q W L CDPZDANVGE BOLDDYG HQR M L F
KRVSLWDOV KRWHQ PRMWHAROWQI® KLOK EXLOGLQUWSIDFUWLFXO
7KHVH WZR FKDQJHV ZRXOG DOLJQ 7LWOH 3DUW UHTXLUH
HIILFLHQFLHV Rl ERLOHU DQG JDV VHUYLFH KRW ZDWHU KHDYV
UHTXLUHPHQWY LQ $6+5%(

7KKH[W WZR UHTXUKN PRIGQWFDWLRQV R[RJWE H RQ BDIE@WERIW L R
UHTXLUHPHQWY WKDW DSSO\ WR ERILZDH U\Q V § MMHI HRR © R AVRIKUFF
QHZO\ LOQSWRPHOWGERLOHUY LQ QHZ FRQWWESRERDRMHDQG DOV
FRPPHUFRL® GURFHVV ERLOHUV ZLWKOD® WK BKW UZBREDREUW \ R |
EH UHTXLADH® WRIDJFDNR [\JHQ FRQFHQWUDWLRQV DW OHVV WKD
SHUFHQW E\ WRDOXRMHTXLUHG ORQ@ HOGUWA EVWHVVRMNHU ILULQJ U
W R SHOUMWK RR[\JHQ FRQFHQWUDWLRQ PHDVXUH ZRXOG LPSDF\
PXOWLIDPUOVHKLUIKVLGHQWLDO EXLOGLQJY WKDW PHHW WKH F
SURFHVV ERLOH UV DVSKDRYKRHHNAK RADIGH
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6FRSH Rl &RGH &KDQJH 3URSRVDO

7DEOWXPPDUL]HVY WKH VFRSH RI WKH SURSRVHG FKDQJHV DQC
6WDQGBHGMHQFH $SSHQGLFHV $OWHWRB®Q YHH&DOHFQ B W LR
O0DQXDO DQG FRREXRPHEQWBW ZRXOG EH PRGLILHG DV D UHVXO
FKDQJH V

7TDEOH6FRSH RI &RGH &KDQJH 3URSRVDO

OHDVXU 7\SH RI' ORGLIL ORGLIL RXOG ORGLILFE

1DPH SHTXLUHF 6HFWLR 7LWOH &RPSOLI &RPSOLEC
RI 7LWC 3DUW O6RIWZDL '"RFXPHQ\
3DUW $SSHQG ORGLILI

*DV %RL 3UHVFUL N 1R FKD(<HV 6HF 15&&08&+

6\VWWHP" RI'V ( 15&&
$&0 3/ %(

*DV 6HU 3UHVFUL 1R FKD( <HV 6HF

:DWHU RI 15&8&08&+

+HDWLQ $&0 ( 15&&

6\WWHP" 3/ %(

2[\JHQ ODQGDW G 1R FKDC( 1R 15&&35&(

&RQFHQ

RG

BURFHYV

%RLOHL

2[\JHQ ODQGDW F 1R FKDC 1R 1RQH

&RQFHQ

RG

&RPPHU

%RLOHL

ODUNHW $0OD®@GVINIXODWRU\ $VVHVVPHQW

7KH W\SLFDO GLVWULEXWLRQ FKDQQHOV IRU FRPPHUFLDO ER
KHDWHUV LQFOXGHV ILYH SULPDU\ SOD\HUV PDQXIDFWXUHU
ZKROHVDOHU FRQWUDFWRU GHVLJQVHUQPLPRIGW LDRIG/ FOAUHH H L
ZLWK D QHZ ERLOHU RU DV D UHWURILW E\ D ERLOHU FRQWUF
UHSUHVHQWDWLYH

,Q QHZ FRQVWUXFWLRQ LW LV PRVW FRPPRQ IRU WKH EXLOG
HQJLQHHU RU FRQWUDFWIR W WHR BSROWIHD QR ZPHFHU KHDWLQJ
GHVLJQ HQJLQHHUZRUY W& B QY FROWMFEW D PDQXIDFWXUHU RU Z
SXUFKDVH HTXLSPHQW WKDW PHMWWMDFKH YBHVYHQWDWLRAV K
WKH PDMRULW\ Rl ODUJH ERDOHNM DQG ZDWHU KHDWHU
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7KH 6WDWHZLGH &$6( 7THDP GRHV QRW H[SHFW DQ\ WHFKQLFD
FRQGHQVLQJ ERLOHUV DUH D PDWXUH WHFKQRORJ\ 7KH SUR:
HIILFLHQRHUFHRQWIRVHG ERLOHU V\V\WWHP \$ 645% (DG G H G

DV D SDHEVEHRQGXPWKS& JDV VHUYLFH ZDWHU KHDWLQJ UHTXLU
$6+5%( IRU WKH )X BLMHBPRUH FRQGHQVLQJ SURGXFWYV
IREQH UHSODFHPHQWFRRQGHQ\OOU GRA G X F\8VF & H SKRGRY
ZRXOG KDYH PLQLPDO LPSDFWV RQ WKH FXUUHQW PDUNHW D'
PDWXUH ZLGHO\ DYDLODEOH W RRKWIRMHR\V \LRQQFD QH S1$1SOH HBW

& X U U HRMWA H 3buUw G6HFWLRQ UHTXLUHRA RIPLQLPXP W
SHUFHQW IRU JDV ILUHG ERLOHUV ZLWK FDSDFLWLHV EHWZHL!
DQG D PLQLPXP WKHUPDO HIILFLHQF\ RI SHUFHQW IRU UHO
DERYH 00%WX K 7KHVH UHTXLUHPHQWY DUHKIHRV\VQGELPYLG?>
OHYHO DQG DOLJQ ZLWK IHGHUDO PLQLPXP VWDQGDUGYV IRU "
FXUUHQW KRW ZDWHU V\VWHP GLVWULEXWLRQ GHVLJQ UHTXL

6LPLOPXOUHQW IHGHUDO PLQLPXP WKHUPDO HIILFLHQF\ OHYt
SHHOWKLFK DOLIDVLIBWBODDQFH (IILFLHQFLSHIKODWLRQV
DSSOLDQFH VWD @BEBWGRQXRGHRPPHUFLDO VWRUDJH JDV ZDV

7TKHUH DUH QR FXUUHQW IHGHUDO UHTXLUHPHQWYV IRU R[\JHC
7TLWOBDUW O6HFWLRQ G VWDRNRHYHHY FHRW WR H[FHHG
SHUFHQW IRUOCBRMOHKWU ODUJHU WKLV SURSRVDO VHHNV W]
VIVWHPY¥%WX K RU ODUJHU

%RWK ERLOHUV DQG ZDWHU KHDWHUV DQIE MWIGX\W Y &/OWRHRY B U
HPSWHG IURP VHWWLQJ VWDQGDUGY DERYH WKH IHGHUDO PL
+RZHYHU XQGHU 8 6 & E % VWDWHVY FDQ DGRSW
IRU IHGHUDOO\ UHJXQ MWMHE G BQRW WRMWNGRIUG DOLIJQV ZLWK D
DPHQGHG $6+5%$( ,(6 6WDQGDUWREEHBIHQGXP %BKLFK LV QRZ
LQFRUSRUDWHG LQ 6HFWLRQ HWRWBEOIMKHY WKH PLQLPXF
ZHLJKWHG WKHUPDO HIILFLHQHALHM®R ERL O B CKFO/WIRDEMHDY V \V
SHUFBBRMWLR Q@RI $6+5%$( FRQWDZOVMIKWHG WKHUPDO HIIL
UHTXLUHPHQW IRU JDV VHUYLFH ZDWHU KHDWALKQHVHAKHUHIRUF
UHT X L U HPRH @\K M 7LWOH L@BBDVEXLRREHJIV ZLWKRXW YLRO
SUHHPSWLRQ

&RVW (I ITHFWLYHQHVYV

7KH SURSRVHG HRBBMVFIRDX@QG WR EH FRVW HIIHFWLYH IRU DOO
LV SURSRVHG WR EH UHWRRMVG %KH BBYWHR WRPSDUHV WKH E
VDYLQJV WR WKH FRU®V 8MHURWKRI DQDO\VLV IRU QRQUHVLG
DQG \HDU ISH@W RI DQDO\VLV IRU UHVLGHQWLDO SURWRW\SHYV
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KDYH D % & ULCRYLURHRDWHUHDIWHWRYAY 7KH ODUJHU WKH % & UI
WKH PHDVXUH SD\V IRU LWVHOI IURP HQHUJ\ FRVW VDYLQJV
VXEPHDVXUHWUHVHOQOWOGIK HEH FW LIRRW KH PHWKRGRORJ\
DVVXPSWORORBQWHWXOWY HRINWKH. FRWVYVY DQDO\VLV $V QRWHG I
RI 6HFWLWRIQH 6 WDWHZLGH &%$6( 7THDP XVHG SUHOLPLQDU\ 7'9 |
FRWIHHWHYY DQG ZRXOGHFRQXDWHQUWKH FRVW VDYLQJ UH\
ILQDO 7'9 YDOXHVY DUH GHWHUPLQHG

7TDEOH6XPPDU\ RI %WRRYWVS5DWLRYV

6XEPHDVXUH %HQHWIRVRVW 5DWLR 5DC
E\ FOLPDWH ]JRQH DWGS

*DV %RLOHW 6\VWHP W R

*DV 6HUYLFH :DWEHWWHBWLC W R

2[\JHQULP &ROINWRFEBVV %RL

2[\JHQULP &ROMRPPGIUFLDO W R

6WDWHZLGH (QHUJ\ ,PSDFWV (QHUJ\ :DWHU*DQG *U
(PLVVLRQV ,PSDFWYV

7TDEOSHUHVHQWY WKH HVWLPDWHG HQHUJ\ DQG GHPDQG LPSDF
FKDQJH WKDW ZRXOG EH UHDOL]J]HG VWDWHKDWVE N KK ULQJF LMKOH
3DUW UHTXLUHPHQWV\PDDU Y@ HWIHFWG H IHQMW J\ LPSDFWV
UHSUHVHQWHG E\ WKH IROORZLQJ PHWUIKRXUWHOESHRWUVUHBUW\ V
*:K \U SHDN HOHFWULFDO GHPDQG UHGXFWLRQY DYLRHAYDAD W
PLOOLRQ WKHUPV SHU \HDU PLOOLRQ WKHUPV \U DQG 7'9 H
WKHUPDO XQLWV SHU \6IHDWH FVWOL RRZWPR UH GO/ HRV@ WK BIUI LUV W
VWDWHZLGH LPSDFWV FDOFXODWHG E\ WKH B QW WIHZV GH & $a.((
RQ WKHXG@HW HQHUJ\ VDYLQJV FDOFXODWHG E\ WKH 6WDWHZL(

7TDEOH)LUYWDOU 6WDWHZLGH (QHUJ\ DQG ,PSDFWYV

OHDVXUH (OHFW 3HDN (OHI 1DWXUD 7'9 (QHL
\ 6DYL! '"HPDC 6DYLC 6DYL(
*:K \U SHGXF\ PLOC PLOOLR
0: WKHUP N % W X
*DV %RLOHU 6\V! 14 1 ¢
7RWDO
1HZ &RQVWUXFW 1 9 1 9
$GGLWILR® $OWH 1 9 1 9 1 9 1 9
6HUYLFH :DWHU 1 1 9
6\WVWHPARWDO
1HZ &RQVWUXFW 1 9 1 9
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$GGLWLR®\BOWH 1 9 1 9 1 9 1 9
2[\JHQ &RQFHQW 1 9 1 9

7RWDO

&RPPHUFLDO 1H: 1 9 1 9

&RQVWUXFWLRQ

3URFHVV %RLOH 1 9 1 9

7KH 6 WDWHZLGH &%$6( 7THDP EHOLHYHV WKDW WKHVH VDYLQJV
LQ QDWXUH 6DYLQJV ZHUH RQO\ FDOFXOD&RFGEIRWLOG LGALPLWH
SURWRW\SHVY WKDW KDG ERLOHU DQG VHUYLFH ZDWHU KHDWL
WKHVKROG UHTXLUHPHQRFK EXHLID GLIESURWRWISHY SUHVHQW
HTXLSPHQW FDSDFLWLHV DQG WKH ODUJHU +9%& FDSDFLWLH
FRGH SURSRVDO DUH QRW QHFHVVDULO\ UHSUHVHQWHG 7KH
VDYLYXWQ HTXLSPHQW WKDW LV DW WKH SURSRVDO WKUHVK

7DEOHLKHWU 6WDWHZLGH *+* (PLYWHROYWRSWRW\HVWLPDWHC
DYRLGHGHPLVVIDRRNLDWHGKH WKRSRVHG ARG HUFKDWQMKD U
VWDQGDUGV DK RIQGHIGHFW HPLVVLRQV PH\W WPLHFDWRQNGRL DU
GLR[LGH HTXHWWWHQMWR QQBVVEP SHWLRQV XVHG LQ GHYHORSLQ
VDYLQJV DUH SURYQLGHQESSIEERWR LY UHKKIRBRQHWDU\ YDOXH!
RI DYRLGHG *+* HPLVVLRQV LV LQFOXGHG LQ 7'9 FRVW IDFWR
W KRR VAM | H F W L DB Q & WAL V

7TDEOH)LUVYWDU 6WDWHZLGH *+* (PLVVLRQV ,PSDFWYV

OHDVXUH $YRLGHG ORQHWDU\ 9
(PLVVLF $YRLGHG

OHWULF 7 (PLVVLI

&2 H \I BUHVHQW 9

*DV %RLOHU 6\VWHPYV
*DV 6HUYLFH :DWHU +HD
&RPPHUFLDO 2[\JHQ 7UL/
SURFHVV 2[\JHQ 7ULP &R
7TRWDO

:DWHU DQG :DWHU 4XDOLW\ ,PSDFWYV

7KH SURSRVHG PHDVXUHWR/ KDR'W B[GHIERSHDGEWY RQ ZDWHU XV
TXDOLW\ H[FOXGLQJ LPSDFWV WKDW RFFXU DW SRZHU SODQ\
DGGHG WR DFFRXQW IRU WKH FRVWV WR QHXWUDOL]H FRQGH
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&RPSOLDQFH DQG (QIRUFHPHQW

2YHUYLHZ RI &RPSOLDQFH 3URFHVV

TKBWDWHZAGHHIMXRRUNHG ZLWK VWDNHKROGHUVY WR GHYHORS
FRPSOLDQFH DQG HQIRUFHPHQW SURFHVV DQG WR LGHQWLI\
KDYHYOQULRXV PDUNKW PEMFIOUWQFH SURFHVYV LV GHVFULEHG
,PSDFWV WKDW WKH SURSRVHG PHDVXUH ZRXOG KDYH RQ PDLl
6HFWLRIQ&SSHQGLIKH NH\ LVVXHV UHODWHG WR FRPSOLDOQFH
VXPPDUL]HG EHORZ

X

'"HVLJQ 3KDKHUH DUH VRPH PRGHVW FKDQJHV WR WKH GF
FRPSOLDQFH B3KIRFH9$Y +HDWLQJ 9HQWLODWLRQ DQG $
GHVLJQ WHDP ZRXOG LGHQWLI\ LI D JLYHQ SURMHFW WU
UHTXLUHPHQWY EDVHG RQ V\VWHP FDSDFLW\ PHDVXUHG
ZHLIJKWHG WKHUPDO HIILFLHQF\ ZRXPFHEM [RQ HZKWWGHSV |
WHDP UHTXLULQJ D VWUDLJKWIRUZDUG FDOFXODWLRQ 7
HQVXUH WKDW WKH SURSRVHG IORZ UDWH DQG VXSSO\ Z
DORQJ ZLWK WKH SURSRVHG R[\HNQJWHRNQERHGWWROEBH Y
DZDUH Rl WKH QHZ WULJJHU IRU R[\JHQ WULP FRQWURDO
UHFRPPHQGDWLRQV DFFRUGLQJO\

3HUPLW $SSOLFDVWUR®3KDKHH SHUPLW DSSOLFDWLRQ SKIE
WHDP ZRXOG VXEPLW GHVLJQ GRFXPHQWYV WHKW LQFOXC
KHDWHU VSHELILFDWLRQV ZHLJKWHG WKHUPDO HIILELH
WHPSHUDWXUHVY DQG R[\JHQ FRPEXVWLRQ FRQWURO VS
ZHLJKWHG WKHUPDO HIILFLHQF\ IRU ERLOHUV DQG ZDWH
DQG UHWXURSEDWWXWH/ LV D QHZ PHWULF WR LQFOXGH
WKDW SURMHFW WHDPV PXVW @RMNMG TKHH S ODR) K ® GIHRILQ
WKH FRGH XSGDWHV DV ZHOO DV WKH UHOHYDQW H[FHS\

&RQVWUXFWLRQURERDWHKH FRQVW U XFRAQ\R QDFK\ORAH QWK 8 V
EH DZDUH Rl WKH QHZ ZHLJKWHG WKHUPDO HIILFLHQF\ P
WKH HTXLSPHQW LQVWDOOHG PHHWYV WKH XSGDWHG FRC
FRQWUDFWRUV PXVW HQVXUH WKDW HTXLSPHQW LV LQV!
FRPSOLDQFHQ®RFXPH

,QVSHFWLRQ&QBRBOHDQFH GRFXPHQWY 1RQUHVLGHQWLDC
&RPSOLDQFHO&B&HLQGCG 158/4( ZRXQBEHG WR EH UHYLVHG
FRPSOLORFXPERXWQEHG WR EH XSGDWHG WR GRFXPHQW
WKHUPDO HIILFLHQF\ WKB Q& WXRIAQ WVDMABVHBDWXKUBHERLO
ZDWHU KHDWHU V

JLHOG 9HULILFOAWHBQ'DQBH 7HVWLQJ
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7KLV PHDVXUH GRHV QRW UHTXLUH ILHOG YHULILEFDWLRQ RU
WKHVH UHTXLUHPHQWYV FDQ EH &GP W& 3 WUHIWH GL AIXW R XRIKF R P
GRFXPHQWV3/PH&ERQG 158&+( LQ RUGHU WR GREXPHQW ZHLJK\
HIILFLM @FLG WKH KRW ZDWHU UHWXBRQFWVREKRDWBHENVNILFDWLR
DGGLWLRQDO LQIRUPDWLRQ UHJDUGLQJ FRPSOLDQFH
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L, OQWURGXFWLRQ

7KLV LV D GUMD IWKHHEWDWHZLGH &$6( 7THDP HQFRXUDJHV UHD(
FRPPHQWY RQ WKH SURSRVHG FRGH FKDQJHV DREGOWKH DQDO
UHSRUW :KHQ SRVVLEOH SURYLGH VXSSRUWLQJ GDWD DQG |
FRPPH@®WYJHVWHG UHYLVRRQVGHOWKWGEHKHQ UHILQLQJ SURSRYV
DQDO\VHV 7KH )LQDO &$6( 5SHSRUW ZLOO EH VXEPLWWHG WR
&RPPLVVLRQ@XAWOW )RU WKLV UHSRUW WKH 6WDWHZLGH &$6( 7
LQSXW RQ WKH IROORZLQJ

1. 6WDWHZLGH HQHUJ\ LPYDEWWDQRBPPHUFHQO IORRUVSDFH
VFRSH RI WKH SURSRVHGSWXE PHFID\OOJMHAKHWKHU WKHVH LI
XQGHUHVWLPDWHG

2.  QFUHPHQWDO HTXLSPHQW FRVWV ZLWK DQ HPSKDVLV R(
FRQFHQWUDWLRQ FRQWURO

3. ODWHULDOV FRVWYV DG VOPESHDH-WX URHY/
4. $VVXPSWLRQV UHJDUGLQJ UXQWLPHYVY DQG VWDFN WHPSH

(PDLO FRPPHQWY DQG VMXIRKIHVMWAL RO VW EHXQBGHUV FRP
&RPPHQWY ZLOO QRW EH UHOHDVHG IRU SXEOLF UHYLHZ RU 2
VWDNHKROGHUYV

7KH &RGHV DQG 6WDQGDUGY (QKDQFHPHQW &%$6( LQLWLDWL
WR VXSSRUW WKH &DOLIRUQLD (QHUJ\ &RPPLVVIXEGDWHQH U J)
&DOLIRUQLDYV (QHUJ\ (IILFLHQF\ %XLOGLQJ 6WDQGDUGYV 7LW
UHTXLUHPHQWY RU WR XSJUDGH H[LVWLQJ UHTXLUHPHQWYV IR
&DOLIRUQLD ,QYHVWRU 2ZQBELSMWFLODWDIPG (QBFWULF &RPSD
'LHJR *DV DQG (OHFWULF DQG 6R X DEE UN)Z R D3XLEI® URQ\D 2 ZELH/G
SWLO#RN.$QYIHOHY '"HSDUWPHQW RI :DWHU DQG 3RZHU DQG 6D
SWLOLW\ 'LVWULFW KHUHLQ UHIHUUHG WR DV WKH 6WDWHZL
&$6( SXWKWRQVRUHG WKLV HIIRUW 7KH SURJUDP JRDO LV WH
SURSRVDOV WKDW ZIOHOFWHY KO KQQFRVPM QWY WR LPSURYH +
DQG HQHUJ\ SHUIRUPDQFH LQ &DOLIRUQLD EXLOGLQJV 7KLV
SURSRVDO SUHVEQWBGSRHWHROWKH HIIRUW WR GHYHORS WH
HITHFWLYHQHVV LQIRUPDWLRQ IRU SURSRYV HG | UFLTEKQ WH® H\DLI \
SUDFWLFHV DQG WHFKQRORJLHYV

7KH 6 WDWHZLGH &%$6( 7THDP VXEPLWYV FRGH FKDQJH SURSRVDC
WKWNVDWH DJHQF\ WKDW KDV DXWKRULW\ WR DGRSW UHYLVLR
&RPPLVVLRQ ZLOO HYDOXDWH SURSRVDOV VXEPLWWHG E\ WK
VWDNHKROGHUV 7KH (QHUJ\ &RPPLVVLRQ PD\ UHYLVH RU UHN
&RPPLREQNV 7TLWOH ZHEVLWH IRU LQIRUPDWLRQ DERXW V

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _


mailto:info@title24stakeholders.com

KRZ WR SDUWLFLSDWHMMEAWNWKHHOBVIRBEHVYY JRDYOSURJIJUDPYV
WRSLFV SURJUDHROHBEHIL ORI IMIWPWOQGDUGXLOEDMIHINLEFLHQF\

7KH RYHUDOO JRDO RI WKLMWH®BWRIGHRRKD QVHVRUREKRVDO IRU
HITLFLHQF\ ERLOHUV X@GOG WHQ UHERODWHBRQWDLQV SHUWLQH(
VXSSRWKIHQBRGH FKDQJH

'KHQ GHYHORSLQJ WKH FRGH FKDQJH SURSRVDO DQG DVVRFL
SUHVHQWHG LQ WKLV UHSRUW WKH 6WDWHZLGH &$6( 7HDP Z
VWDNHKROQGWHKW JRVY ERLOHU V\VWHP VXEPHDVXUH DQG VHUY
VXEPHDVXUHV PDQXIDFWXUHUV HQJLQHHULQJ SURIHVVLRQD
SURYLGHG YDOXDEOH JXLGDQFH DQG LQIRUPDWLRQ IRU WKH
R[\JHQ FRQFHQWUDWLRHV KD EREDHYW PDQXIDFMWWKWHY DQG
HQHUJ\ DYQBORMLGHG HVVHQWLDO JXLGDQFH EDVHG XSRQ ILH
&$6( UHSRUWV 7KH SURSRVDO LQFRUSRUDWHY IHHGEDFN UH]|
ZRUNVKRS WKDW WKH 60D WH@GGRIQ&ZBWREHWDUFK DQG

1RWHV IURP WKHVH VWDNHKROGHU PHHWLQJV FDQ EH IR
WKLV &$6( 56\BWWZLGH &$6( 7HDP

7KH IROORZLQJ LV D EULHI VXPRKLVRUMWSRHUWRQWHQWYV R

X 6HFWLRIQWKIDWW$6( SHSRUWSURGHZ FULSWLRQDRIGNKH PHC
LWV EDF N JAWKRXQWGDFROMIRRHY DQBWHWWDLOHG GHVFULSWLRQ RI
FKDQJH LV DFFRPSOLVKHG LQ WKH YDULRXV VHFWLRQV D
7TLWOH 3buw 6WDQGDUGV

X 6HFWLRQ@ DGEBOWR WKH ODUNHW $QDO\MLVWNHEFWLRQWWHK
FXUUHQW PDUNBWNRPWBGFWUIWLEHY WKH IHDVLELOLW\ LVV]
ZLWK WKH @R HLRKD XGLQJ ZKHWKHU WKH SURSRVHG PHL
FRQIOLFWYV ZLWK RWKHU SRUWLRQV RI WKH EXLOGLQJ VW
RWKHU VDIHW\ VWDQGDUGY DQG ZKHWKHU WHFKQLFDO |
FKDOOHQJHV H[LVW

X 6HFWLR@HUJ\ 6DBUGMHQWVXOKW SBBUJ\ GHPDQG UHGXF
HQHUJ\ FRUW MDWRBLDWHG ZLWK WKH SURSRVHG FRGH Fk
DOGRIVFULEHV WKH \WKWWSREORORZILG H & X6(HIRD AV W L P D W H
SHYQHWHUJ\ G HMIBXEWQE H QFHRNW Y LQJV

X BHFWLRAKLY VHFWLRQ LQFOXG W B VHLOM X F/QHIQVEIOGD O V
DQG ODERU UHTXLUHG WR LPSOHPHQW WKH PHDVXUH DQ
LQFUHPHQWDO FRVW ,W D O V@& FIUHFO-DQOMVOH R DVLGP\D M/QI Y QFE Il
LH HTXLSPHQW OLIHWLPH DQG YDULRXV SHULRGLF FRV
DQG PDLQWHQDQFH GXULQJ WKH SHULRG RI DQDO\VLV

X 6HFWLRQUYMD 6 WDWHZLGS$UHPEHDEWY WKH VWDWHZLGH HQ
DQG HQYLURQPHQWDO LPSDFWV RI WKH SURSRVHG FRGH
W K H FBBHWHIIHFW 7KLV LQFOXGHVY WKH DPRXQW RI t
VDYHG E\ &DOLIRUQLD EXLOGLQJ RZQHUV DQG WHQDQWYV
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UHGXFWLRQV RQ PDWHULDO ZLWK HPSKDVLV SODFHG RQ
FRQVLGHUHG WR[LF E\ WKH 6D @H RDWBOLHRQQXDPSWWR @
DUH DOVR UHSRUWHG LQ WKLV VHFWLRQ

BHFWLRIURSRVHG 5HYLVLRQV WRR&FGMEBHYU B B\EH W
VSHFLILF UHFRP PHERBDWNIRRNMW L RO\G HUIG®GIGN LR Q V
ODQJIXDJHVRD QWKMHUGV $HIHQIEQFH VL $@MOFX@DW L R Q
OHWKRB&0 5HIHUHQFH MRRX®ICD Q FHD @ BRPXSIA D Q F H
GREFXPHQWYV

%LEOLRBUHYKANANQWY WKH UHVRXUFHV WKDW WKH 6WDWHZL
GHYHORSLQJ WKLV UHSRUW

$SSHQGLGWDWHZLGH 6DYLQ BWBNWRRGEROKRKFI\PHWKRGRORJ
DVVSEWLRQV XVHG WR FDOFXODWH VWDWHZLGH HQHUJ\ LI

$SSHQGYPBHHGGHG (OHFWULFLW\ L@UBWHQWWHWKRGRORJ\
PHWKRGRORJ\ DQGXOMVCEFDSBF XRGMIH AWKUIH.FLW\ HPEHGGHG
ZDWHU XVH H J HOHFWULFLW\ XVHG WR GUDZ PRYH RL
VDYLQJV UHVXGWEQ G [URWHIHXVH

$SSHQGL(Q& LUR QP H Q WIHW KPRSO®FORN\H Q W VK R/G R OFR-IWH V
DQG DVVXPSWLRQV XVHG WR FDOFXODWH LPSDFWV RQ *+
DQG TXDOLW\

$SSHQGERPDOLIRUQLD %XLOGLQJ (QHUJ\ &RGH &RPSOLDQFF
6SHFLILSDWVRQWY UHOHYDQW SURSRVHG FKDQJHV WR W
DQ\

$SSHQGLPSDFWV RI &RPSOLDQFH 3UR BHNAW R@EEMKNHH W $ F
UHFRPPHQGHG FRPSOLDQFH SIURH®YWDIE R I8 ®/GD ERSOUPW

$SSHQGEKPPDU\ Rl 6WDNHKROGERFOQRIIDQWRHWKH HITRUWYV
WR HQJDJH DQG FR OIWNERW DEW RUWKOG H[SHUWYV

$SSHQGLIRPLQDO 6DYLQUWHVPEWNWKH HQHUJ\ FRVW VDY
QRPLQDO GROODUV E\ EXLOGLQJ W\SH DQG FOLPDWH ]RQ
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OHDVXUH '"HVFULSWLRQ

OHDVXUH 2YHUYLHZ

7TKHRXARGH FKDQJH SURSRVDOV WKDW WKH 6WDWHZLGH &$6(
GHVFULEHG EHORZ 7KHVH SURSRVDOV DLP WR LPSURYH WKH
ERLOHU V\VWHPV XVHG IRU VSDFH DQG ZDWHU KHDWLQJ DQG
VI\VWHPVY 7KH WZR SURSRVDOV WKDW LPSDFW WERKB SBIFQMWPXP \
ERLOHU DQG JDV VHUYLFH ZDWHU KHDWLQJ V\VWHPV DUH FOI
DUH LQ $16, $6+5%( ,(6 6WDQ&EDHOQBUJ\ 6WDQGDUG IRU %XLOGL!
IRZ5LVH 5HVLGHQWLDO %XLOGLQJV $6+5%(

*DV %RLOHU 6\VWHPYV

7KH SURSRVHG SUHVFULSWLYH UHTXLUHPHQWYV IRU JDV ERLO
PLQLPXP WKHUPDO HIILFHE KRW IZDDMWHU ERLOHU V\VWHPV IRU
ZHLJKWHKBUPDDFRL HQIF\ RI SHUFHQW 7KLV FKDQJH LPSDFWV J
VI\VWHPV Rl FDSDFLVDIQHV 0B BhWEHHXY WDOOHG LQ DQ\ W\SH RI E
LQFOXGLQJ DOO QHZO\ FRQVWUXFWHG QRQUHVLGHQWLDO EX
%RLOHUV ZLMWHKEXMIKGHL @D EXW RQ VHSDUDWH ORRSY DUH QRV
WKH VDPH VMLWKIWHG WKHUPDO HIILFLHQFLHY DUH FDOFXODW
ERLOHU SURYLGHVY WR WKH WRWDO V\VWHP FDSDFLW\ )RU LG
ERLOHWUWIODSDUW RI D V\DFD-SD FRIQID ZUWMKKDO QG HIILFLHQF\ RI
SHUFHQW DQG WIXAD RIMRIMWMA ZLWWX K DQG HIILFLHQF\ Rl S
WKH ZHLJKWHG WKHUPDO HIILFLHQF\ LV SHUFHQW 6SDFH
LQGLYLGXDO GZROQBYIBHQLYNOXGHG LQ WKH FDOFXODWLRQ
$GGLWLRQDOO\ LQGLYWKXD®DSXIW FDRSLDOFH WM D H 7 R XAQKEDVD
EH LQFOXGHG LQ FDOFXODWLRQV RI WKH WRWDO V\VWHP LQS
FDOFXODWLQJ ZKHWKHU RU QRW WKH SURSRVHG VWDQGDUG
ERLOHU V\VWHPK FPBDFHWY @HWV WKDQ %WX K DUH QRW
)XUWKHUPRUH LI WKH ERLOHU V\VWHP LV ZLWKLQ WKH LPSDF
FDSDFLWLHV OHVV WKDQ %@ X HK DHLH KRG L\N\F OVHFPHE K H |
HIILFLHQEOEHORZ VKRZV ZKDW V\VWHP DQG LQGLYLGXDO OH)
UHTXLUHPHQW IRU JDV ERLOHUYV

7KLV PHDARXUIHOVR DGG WZR UHTXLUHPHQWVLIRXIWAXRB KRW HADP
DLP WR RSWLPL]H FRQGHQVLQJ RSHUDWLRQ

+RW ZDWHU UHWXUQ HQWHULQJ WKH ERLOHU V PXVW EH

JORZ UDWHV IRU VXSSO\ KRW ZDWHU WKDW UHFLUFXODWI
PXVW EH QR JUHDWHU WKDQ SHUFHQW RI WKH GHVLJQ
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7KH SURSRVDO LQRIKBKNIRMIHDGWIVWHPY GR QRW QHHG WR
WKHUPDOL®OIGIFNLBQG KRW ZDWHU GLVWULEXWLRQ GHVLJQ UHTXI
DQQXDO VSDFH KHDWLQJ UHTXLUHPHQW LV SURYLGHG E\ RQ
UHFRYHUHG HQHUJ\ RU KHDW UHFRYHU\ FKLOOHUV RU ZKHUF
ORDG LV XHMIUWQYHSHULPHWHU FRQYHFWLYH KHDWLQJ UDGLDQW

*DV 6HUYLFH :DWHU +HDWLQJ 6\VWHPYV

7KH SURSRVHG FRGH FKDQJH ZRXOG UHTXLUH JDV VHUYLFH K
FDSDFOW%WK RU JUHDWHU WR KDYH D PLQLPXF\ZREIWKWHG WK
OHDVWHUFHQW 7KH UHYLVLRQV WR WKZIRRXROBSYBPBWSQHXBGI\UHT.
FRQVWUXFWHG QRQUHVLGHQWLDO EXLOGLQJY DQG ODUJH PX
VIVWHPV WKDW VHUYH LQ GARXQ® WOQEHHHGOW RQEIRPGOW VOXOWLS
VHUYLFH KRW ZDW HBPXWW DWIVRI PHHW WKLV RPBEXIQUHHEEP HQ SVXIM \
FDSDFLW\ LV DERYH 00%WX K 7KHVH V\VWHPV FDQ PHHW Wtk
ZD\V DOO LQGLYLGXDO XQLWV KDYH D WKHMRBDQZMHWMHBLHQF\ |
KHDWLQJ LQSXW SIURYILGHBX IBEOPMIOW SURYLGHV DHL LIQWHK® FD S
DYHUDJH WKHUPDO HIILFLHQF\ RI DW OHDVW SHUFHQW ,QG
FDSDFLW\ OHVV WKDQ YWNRP KH O UHL H [(FAH-SDYEBEEE L QY $ X W
FDOFXODWLRQV

7KH SURSRVHG FRGH FKDQJH ZRXOG LQFOXIGYHH DS W & VDHAULQD W/
VHUYLFH KRW ZDWHU KHDWLQJ VIVWHPV GR QRW QHHG WR P}
SHUFHQW RI WKH DQQKBDWLHUWYU R M XADW R H Q WVIRO B U RRAL &/H @& H
UHFRYHUHG HQHUJ\

7TDEOHHORZ VKRZV ZKDW VA\VWHP DQG LQGLYLGXDO OHYHO WHK
UHTXLUHPHQW IRU JDV VHIUYGRHDYEWRHOHKWMHDOWLQJ

6RPH VHUYLFH ZDWHU KHDWLQJ V\WIMGHHP V SHOFH EKHH XWH Q JWLR) L
WR VHUYLFH ZDWHU KHDWLQJ 7KHVH LQWHJUDWHG XQLWYV P)
HIITLFLHQF\ UHTXLUHPHQWY IRU VHUYLFH ZDWHU KHDWLQJ V\\

7DEOH6\WWHP DGEYLGXDO 8QLW BKBBRMRGEVURIPHQWYV

6\VWHRSH 6\VWHRUHVKROG OLQLPX®GLYLG
BQLAWMUHVKROG

*DVOHUY L BWHHD W L ( « PLOOLRQ

*DWRLOHUV « PLOOLRQ DQG

2[\JHQ &RQFHQWUDWLRQ

+HDW H[FKDQJH LQ ERLOHUV LV PRUH HIILFLHQW ZKHQ R[\JHC
RSWLPDO UDQJH ([LVWLQJ FRGH UHTXLUHPHOYWMIWRDW DGGL
FRQFHQWUDWLRQV LQ FRPPHUFLDO DQG SURFHVV ERLOHUV U
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OHYHO WKHUPDO HIILFLHQF\ 7KH SURSRVHG FKD @JHWZRXOG
FRQFHQWUDWLRQ UHTXLUHPHQWY IRU ERWK FRPPHUFLDO QH.
FRQVWUXFWLRQ DQG UHWURILW ERLOHUV 7KH SURSRVDO ZR|
UHTXIHGHP Rl SHUFHQW IRU FRPPHUFLDO DQG SURFHVV ERLO
OHDVW 00%WX K RU JUHDWHU 7KLV FKDQJH DOVR VLPSOLIL
VXEMHFW WR R[\JHQ FRQFHQWUDWLRQ UHTXLUHPHQWYV PXVW
SHUFHRQ@WHR'Y 3UHYLRXVO\ WKH FRQFHQWUDWLRQ UHTXLUHP
DQG D SHUFHQW OHYHO RI R[\JHQ FRQFHQWUDWLRQ ZDV UH
LQSXW FDSDFLWLHV EHWZHHQ DQG 00%WX K )RU FRPPHUTI
ZRXOGDEMSERLOHUV LQVWDOOHG ZLWK QHZ FRQVWUXFWLRQ I
ZRXOG LPSDFW DOO QHZO\ LQVWDOOHG ERLOHUV )RU ERWK |
BWDWHZLGH &$6( 7THDP UHFRPPHQGYV D FODULILFDWLRQ WKDW
FRQW UR®@OEG ®QH JDV FRQFHQWUDWLRQ HOLPLQDWLQJ WKH
ILULQJ UDWH &XUUHQWO\ WR/MMHCU AL\D B DER MWRGHIN Z DWHI | L F L H

SHUFHQW RU RWKHHTXUHHG WR PHHW R[\JHQ FRQFHQWUDW
H[FSIWLRQ ZRXOG EH HOLPLQDWHG

OHDVXUH +LVWRU\

*DV %RLOHU 6\VWHPV DQG *DV 6HUYLFH :DWHU +HDWLQJ

%RLOHUV WUIL@WI MK KHRWEXVWBRKHOWREHVRFHGLXP LQ WKLYV
ZDWHW XVH LQ VSDFH RU GRPHVW)IFJKHBMARZ VIS DY FADRHL R Q
HVVHQWLDO FRPSYWROQRHERNVNGRAUDH HIILFLHQW XQLWYV RIWHQ XWI
EXUQHU GHVLIQV DQG IHDWXUH HOHPHQWYV VXFK DV IRUFHG |
KHW H[FKDQJH VXUIDFHV %RLOHU V\VWHP HIILFLHQF\ LV DVV
HITLFLHQF\ ZKLFK LQFRUSRUDWHYV BB ®&IKDING REPR/QWLIHRFIVHR QF L
ORVVHV *HQHUDOO\ WKLV PHDVXUHPHQW UHSUHVHQWYV WKH
HQHUJ\ AFDBEWXULQJ WKH FRPEXVWLRQ SURFHVYV

%RLOHUV FDSDEOH RI DFKLHY LSQHUH H QR BKQVALLOHV FD BRYHHU KH|
H[FKDQJHUV DQG UHFXSHUDWH DGGLWLRQDO WKHUPDO HQHU
HIILFLHQF\ ERLOHUV DUH UHIHUUHBHWBXD/\H FRQHB HFDVQ. G R GG R (
PRLVWXUH RXW RI IOXH JDV UHFRYHUL®JX B DMVIRP®& WDIOH R WW K R
ODWHQW KHDW UHVXOWYVY LQ ORZHU IOXH JD YL WHFEB-HIURZW X U H\
VKRZV WKH HVVHQWLDO IHDWXUHV RI D FRQGHQVLQJ ERLOHU
PD\ LPSDFW WKH DELOLW\ RI FRPEXVWLRQ JDVHV WR HVFDSH
YHQWLQJ $GGLWLRQDOO\RQ@W&HQMDARN HWHIBF DEGIR DA B UHTXL
GLVSRVDO WHKWRRMIKVQORIY SLSLQJ &RQGHQVLQJ SURGXFWV LC
ZDWHU KHDWHUV XWLOL]H VWDLQOHVWSWHHID W B RWHRVQ Rq
IURP WKLV DFLGLF FRQGHQVDWH
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*DV VHUYLFH ZDWHU KHDWLQJ LV JHQHUDOO\ SURYLGHG WKU
HTXLSPHQW 7KH ILUVW W\SH DUH VWRUDJH ZDWHU KHDWHUYV
WDQN IRDP LQVXODWLRQ DQG D KHDW H[FKDRHBWHBLR RU |
WKH WDQN ZKLFK LV KHDWHG WKURXJK D JDV EXUQHU DW WK
IURP WKH FRPEXVWLRQ SURFHVV DVFHQG WKURXJK WKH 10XH
WUDQVIHU KHDW WR WKH VXUURXQGLQJ ZDWHUULQQWWKHWD Q N
WDQN DW D FRQVWDQW WHPSHUDWXUH DQG KHDW LV ORVW W
ZDWHU GUDZ

7KH VHFRQG W\SH Rl FRPPHUFLDO ZDWHU KHDWHU DUH WDQN
WD Q NPRIGVMONDFWLYDWHG ZKHQ D PLQLPXP ZDWHUWGEGHRZ RFF X
KHDWV DQ H[FKDQJHU FROG ZOQ®& WMWY FHHQGH/UW KKK XQ MWK LV K
H[FKDQJHU ZKHUH WKH FRPEXVWLRQ KHDW LV WUDQVIHUUHG
FRPPHUFLDO ZDWHU KHDWHU DUH ODUJHU YROXPH ZDWHU Kt
ERLOHUV GLVFXVVHG DERYHQ6WRIDIH WDVQNO HKWMWDWHUV PD\
FRQGHQVLQFRRWGVPAQYPLQJ DQG FRQGHQVLQJ YHUVLRQV XWLO]
DQG KDYH WKH VDPH YHQWLQJ DQG FRQGHQVDWH GLVSRVDO
ERLOHUV

$OFKQFRORILHY WKDW PHHW RWPIHJEAKB WWKHERPRSORMHGFLHQF
VWDQGDUGV ZRXOG UHTXL U H: KR@H WKV VQS URSFOELL® IGRHYV QR
QHZ EXLOGLQJV KDYH DOO FRQGHQVDFKIZBYWHU BHDWHIQW LQ
ZHLJKWKBUPDO V\VWHW KD MRILHQA\RI WKH VI\VWHP FDSDFLW\
FRQGHQVLQJ ZDWHU KBBWEHY R ERLHOAKWQRORILHY IRU VSDF
HTXLSPHQW KDYH EHHQ LQ H[LVWHQFH IRU RYHU WZR GHFDGH
PDWXUH PD/MHNHID GHQVLQJ SURGXFWYV FDQ DFKLHYH HQHUJ\
SHUFHQW FRPSDUHG WR ¥RQQREDW GXBUREXFMHW I\ (IILFLHQF\

&RQGHQVLQJ ERLOHUY DQG VHUYLFH ZDWHU KHDWHUV RSHUL
SHUFHQW RU PRUH 7KLV OHYHO RI WKHUPDO HIILFLHQF\ LV D
VWDQGODKmW LPSDFW ERLOHUV PDQXIDFWXUWZHKGE AKQPDIMWGDMW-HD Q
WKHUPIDKFLHQF\ OFR\YHOSMWHHQW IRU FRPPHUFLDO ERLOHUV LQ
PHDVXZ2H Q G ORUH LQIRUPDWO)INRQYRWXKH MHFLILF IHGHUDO V!
KLIKDSDFLW\ LQGLYLGXDO ERLOHUV LQ 6HFWLRQ
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JLIXUHLDJUDPFRRYHQWLRQDO ERLOHU

6 RXUEHM

J)LIXUHLDJUDP RI FRQGHQVLQJ ERLOHU

6RXUEHM

7KH KRW ZDWHU GLVWULEXWLRQ V\WVWHP GHVLJQ UHTXLUHPH
HQVXUH WKDW HIILFLHQW FRQGHQVLQJ RSHUDWLRQ REFXUV

SRVVLEOH WKH KHDW H[FKDQJHU QHHGV WR FDSWXUH WKH H
FRQGWDWLRQ 7KXV WKH PRUH FRQGHQVDWLRQ WKDW RFEXU
HIWUDFWBE®HWXUQ ZDWHU WHPSHUDWXUHY DOORZ PRUH FRQ
VLIQLILFDQW KHDW WUDQVIHU IURP JDVHKWGE@WE R ZI RUK HQFRIQ G |
DQG (QYLURQPHQWDWHU UHWXUQV WR WKH ERLOHU DW WHPS
FRQGHQVLQJ LV QRW OLNHO\ WR RFFXU DQG WKH WKHUPDO |
UHDFK SHUFXOWBHWORZ VKRZV UHODWLRQVKLS EHWZHHQ ERL(
UHWXUQ ZDWHU WHPSHUDWXUH 6LPLODUO\ WKH IORZ UDWH
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DUBIW OHDVW SHUFHQW OHVYV UMHOL@ WWHK H BY NHD LERR G QWK
V\VWHP ZLOO RSHUDWH LQ WKH FRQGHQVLQJ UDQJH E\ LQFUF
KHDWLQJ PHGLXP ZDWHU FRPHV LQ FRQWDFW ZLWK WKH KHI

)LIXUH SHODWLRQVKLS EHWZHHQ EREOWWH H WMHRSQEFED \I R GHL

OLQLPXP VIVWHP WKHUPDO HIILFLHIQPHRI KRIHIFWEW KRID WD
VIVWHPV KDV EHHQ D SDUW RI $6+5%( PRGHO FRGH VLQFH
PLQLPXP VIVWHP WKHUPDO HIILFLHQBHRIERBBHEHRWWRRVJID g
ZDWHU GLVWULEXWLRQ V\VWHP UHTXLUHPHQWY ZDV DGGHG V
$GGHQGXP %& +DUPRQL]LQJ ZLWK WKHVHRXBBOGW $B-03gH V'
VLJQLILFDHIWHFRRIMW HQHUJ\ VDYLQJV *LYHQ WKDW WKHUH D
UHDMOLRQV IRU ERLOHU V\VWHPV SUHHPSWLRQ LV DQ LPSRU!
SURSRVDO V HVWDEOLVKPHQW RI PLQLPXP V\VWHP HIILFLHQF
ERLOHUV 7KLV SURSRV®OHERY ZQHWWRQYQLDE IHGHUDO SUH|
ORUH L@WURQ RQ SUHHPSWLRQ LVBNAWIRIH GLVFXVVHG RQ

2[\JHQ &RQFHQWUDWLRQ

6\WWHPV WKDW PHDVXUH YDULRXV IOXH JDV FRQVWLWXHQWYV
VXFK DV R[\JHQ WULP FRQWURO KDYH EHHQ VROG E\ PXOWLS
\HDUSOWUDV\VWHPKHUH DUH YDULRXV FRPEXVWLRQ FRQWURC
IL[HG SRVLWLRQ SDUDOOHO FRQWURO SDUDOOHO SRVLWLRQ
SRVLWLRQ SDUDOOHO FRQWURDVDER® FDQDIDFIKELG! TSR WHADDLARO L
OHYHOV RBIHUFHQW S®WGBFHQW UHVSHFWLYHO\ E\ DGMXVWLQJ
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SRVLWLRQHUV EDVH)® RYKILQRP@IGPWH LP FRQWURO PHDVXUH
R[\JHQ DQG *SURYINGWR MWKIEEXHQHU FRQWUROV WR DXWRPD\
FRPEXVWLRQ DLU DQ GWRRSKMQ RILIPW WRK H2D\WWH Q WULP FRQWUROV
LQ WKH FRPEXVWLRQ SURFHVV E\ EDODQFLQJ WKHWR[\JHQ UD)
HIILFLHQW SHUIRURDQAH-RPPHQWHUYV KDYH LQGLFDWHG WKD'
WHFKQRORJLHV PD\ SRWHQWLDOO\ EH DEOH WR DFKLHYH WKt
WR DEKLHYH D SHMW RQWHOWIRFQNFHQWUDWLRQ WKDW WKH 6W
KDV EWEQH WR YHULI\ XWLOL]JHV R[\JHII\WHQ PV ER © VF B R @/ WRHT\
HLWKHU VROG ZLWK D QHZ ERLOWRW RU DV DQ DIWHUPDUNHW I

Q DQ R[\JHQ FRQFHQWUDWLRQ OHYHO UHTXLUHPHQW RI
3DUW IRU FRPPNWFZDWKEBRDWHG LQSXW RI DW QWBIQW 00 %W
FRQFHQWUDWHLTRQ OHPHH@MWM FHQW DQBU SHEFHQMERRLHDHUV
00%WX K DQG  00%WX KZHUHNGHHFG MVWRHBDWWH LQ WRIEGH
F\FORKPHDVXUHV KDY H/ DFELNPF@@WINOLIRUQLD 6WDWHZLGH 8
&RGHV DQG 6WDQGDUGKLVHIMIW &$6( SHSRUW SURERVHV VLP
FRGH ODQJXDJH DQG PDNURY R[VLQY GFHR @ ADFWHIML RQ UHTXL
SHUFHQW IRU SURFHVV DQG FRPPHUFLDO ERLOHUV ODUJHU W
&$6( UHSRUW RQ SURFHVV ERLOHUV VKRZHG WKDW DQ R[\JHQ
ZDV QHDUO\ FRVW HIIHFWLYH IRU ERLOHUV ZLHVRW QSK WRUR |
ERLOHUV ZLWK LQSXWV DW 00%WX K RU PRUH 'XH WR EKD
UHYLVLRQ WKLV UHSRUW VKRZWIWHAWRPMBVXUH LV QRZ FRVW

6 XPPDU\ RI 3URSRVHG &KDQJHV WR &RGH '"'RFEXPHC

7KH VHFWLRQV EHORRIVKE PDNDLQHDIHIM-HSBHESHQGLFHY $OWH
&DOFXODWLRQ OHWKRG $&0 5HIHUHQFGRIX@PXIPRIWEBD QG FRPS
PRGLILHG E\ WKH SURSRVHG FRIW®&IN WHFHRUMFWRIIR GHWDLOHG
UHYLVLRQV WR FRGH ODQJXDJH

6 XPPDU\ RI &KDQJHV WR WKH 6WDQGDUGV

7KLV SURSRVDO ZRXOG PRGLI\ WKH IROORZLQJ VHFWLRQV RI
VKRZQ EHORZ 6HHRIHWWILWRQHSRUX\SIRRGRAHDONGXDJH

BHFWLRQ 0$1'$725< 5(48,5(0(176 )B3$&(&21',7,21,1*
(48,30(17

X 6HFWLRQ 7TDEOHDVDQG 2LOHG %RLOHUV OLQLPXP
(IILFLHQBRVXLUHPHOQWQ®V PLQLPXP HIILFLHQF\ UHTXLUHPHC
DQG VWHDP ERLOHUV ZLWK XSGDWHV LQ IRGHWRMMH FRGH
LQIRUPDWLR @GRE GHWDAVHR G H

6HFWLRQ 0$1'$725< 5(48,5(0(176 )ZR9(5(' 352&(66
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Xx 6HFWLRQ G ODQGDWRU\ 5HTXLUHPHQWW IRU 3URFHYV
SURSRVHG UHDBMXVPRIQMIQHF R Q F HOMTXDRWHRE QWY IRU DO
QHZO\ LQVWDOOHG SURFHVV BRR GCHUMW DERG R 0 HAW R &K V
SHUFHQWY ZRXOG EH DFFRPSOLVKHG E\ HOLPLQDWLQJ 6F
DGMXVWLQJ WKH FDSDFLW\ UHTXLUHPHQW LQ 6HFWLRQ
7KH SUMSRDOVR FODULIRWY\RWKDWFRQBFHQWUDWLRQ PXVW
PDLQWDLQHG UHPRYLQJ WKH ZRUG ®*H[FHVV' IURP FRGH ¢

BHFWLRQ+0$1'$725< 5(48,5(0(176 )25 &200(5&,$/ %2,/(56

X 6HFWLRQF 7KH SURSRVHG UHTXLUHPHQW UH@X\FHRQWKH F
WR OHVV WKDQ RU HTXDO WR SHUFHQW E\ YROXPH RQ D
SHUFHQW WR ESRIUEHBWWDROHG LQ QHEIZWAR 6D BMUKAWLRQ
RU DEROOHAWX7KH FXUUHQW H[FHSWLRQ IRU ERLOHUV ZLW
DRYH SHURN@W HOLPLIKHWHIRSRVHG UHTXLUHPHQW ZR
HOLPLQDWH WKH RSWLRQ RI FRQWUROOLQJ FRPEXVWLRQ
SURSRVDO DOVR FODDVYIRHVHOKPRQ¥WOWNDWLRQ PXVW E
E\ UHPRYLQJ WKH ZRIR® *HRBHV®D QJ XD JH

BHFWLRQ+35(6&5,37,9( 5(48,5(0(176 )25 63%$&( &21',7,21,1*
6<67(06

X 6HFWLRQ N +\GURQLF 6\VWHP OHDVXUHYV

X 6HFWLRQ &UMHDWHY D PLQLPXP WKHUPDO HIILFLHQF\ OF
JDV ILUHKEZDWHQIVERKBBMUYUQHZO\ FRQVWUXFWHG QRQUHV|
KLIJIKLVH UHVLGHQWVY WO EXIL\VOKGH\Q KRW ZDWHU GLVWULEXW
WHPSHUDWXUH DQG VXSSO\ ROHSIDXALMAP HRIWAH WRU \YQAEEKRAY
FDSDFLW\ EHWZHAHWX KHUHIBMGHG H[FHSWLRQV WR WKL
UHTXLUHKHOYW H[FHSWLRQV UHPRYH WKH IROORZLQJ ERL
HITLFLHQF\ UHTXLUHPHQWY VSDFH KHDWLQJ ERLOHUV LQ
XQLwWYVY VSDFH KHDWLQJ ERLOHUV ZKHUH SHUGHDQW RI1
RU UHFRYHUHG HQHUJ\ DQG ERLOHUV ZKHUH SHUFHQW
ORDG LV VHUYHG XVLQJ SHULPHWHU FRQYHFWLYH KHDWL
$GGLWLRQDOO\ JDV ERLOHUV ZLWK LQSXW FDSDFLW\ RI
LQFOXGWHKHLEDOFXODWLRQ RI VIVWHP LQSXW RU HIILFLHQ

BHFWLRQ+35(6&5,37,9( 5(48,5(0(176 )25 6(59,&( :$7(5
+($7,1* 6<67(06

X 6HFWLRQD $GGV QHZ UHTXLUHPHQW IRU QRQUHVLGHQWLI
VI\VWHPV ZLWK FDSDFLWQ%WKOW KROGWDIE RYBHG LQ F

X 6HFWLRQ E $GGV QHZ UHTXLUHBHQMVURVLIGIHHBEWLDO DQG
PRWHO KRWHO VHUYLFH ZDWHU KHDWLQJ VOWOWHANBY ZLWK
WKDW LV GHWDLOHG LQ F

X 6HFWLRQF &UHDWHY D PLQLPXP WKBHUHFBO RIILFEHQFHQW
JDV VHUYLAKHRRWERU VI\VWHPV LQ QHZO\ FRQVWUXFWHG Q
ULVH UHVLGHQWLDO EXLOGLQJV O6HFWLRQ F LQFOXCGC
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6 XPPDU\ RI &KDQJHV WR WKH 5HIHUHQFH $SSHQGLFHYV
7KH SURSRVHG FRGH GROQRRGCGLARXWE&H 5HIHUHQFH $SSHQGLFH

6 XPPDU\ RI &KDQJHV WR WKH 1RQUHVLGHQWLDO $&0 5HIH

7KH SURSRVHG FRGH FKDQJH ZRXOG PRGLI\ WKH IROORZLQJ \
$&0 5SHIHUHQFH 0DQXDO

6(&7,21 +9%& 35,085< 6<67(06

X %RLORYOEH XSGDWHG WR DGG WKHUPDO HIILFLHQF\ |
SERLOHU HIILFLHQF\" WDEOHZRX8 QXK HEHP D 6 SHI IL EBLEFODHF W R
ILUHG KRW ZDWHU ERLOHUV 7KH 3KRWAARDXEEU UHWXUQ W
PRGLILHG WR UHIOHFW WKH QHZ KRW ZDWHU GHVLJQ WHF
WDEOH WLWOHG 36XSS0XRKR&B ZHUMHBDW HECREFQURWGEGHU WR LC
KRW ZDWHU IORZ UDWHYV IRU ERLOHUYV

6(&7,21 0,6&(//$1(286 (1(5*< 86(6
X "WVHU +HDR)HQEH XSGDWHG WR DGZ® WWHKUH KKHBIBVD MVUH
WKHUPDO HIILFLHQF\ OHYHOV WR WHKH BWRWIRRQOKHVILFLH

UHSRUW |PUW GWKG SSHIR RVHG UHYLVLRQV WR WKH WH[W RI
0DQXDO

1RQUHVLGHQWLDO &RPSOLDQFH 0DQXDO
7KH SURSRVHG FRGH FKDQJH ZRXOG PRGLI\ WKH IROORZLQJ \
&RPSOLDQFH 0DQXDO

X &KDSWHU 6XEVHERXBQ@ EH XSGDWMIE WIRDMWQ B/IKHUH DUH
HITLFLHQF\ OHYHOV LQ 7LWOH 3buUw |IRU FHUWDLQ VH
ERLOHUYV

X &KDSWHU 6XEVHERXB®8® XSGDWHG WR UHIOHFW QHZ RI[\J
FRQFHQWUDWLRQ OHYHOV

X &KDSWHU 6XEVHFIRR®EB XSGDWHG WHRFILQIFDIGLIR § 8
UHJDUGLQJ KRW ZDWHU GLVWULEXWLRQ GHVLJQ

6HH 6HFWIRRQVKLY UHSRUW IRU WKH GHWDLOHG SURSRVHG Ut
FRPSOLPQBRXDOV

6 XPPDU\ RI &KDQJHV WR &RPSOLDQFH 'RFXPHQWYV

7KH SURSRVHG FRGH FKDQJH ZRXOG PR®WWVVOKHLKN WRBSEHORZE F
([DPSOHV RI WKH UHYLVHG GRFXPHQWY DUH SUHVHQWHG LQ ¢

X 15&4& 1RQUHVLGHQWLD@RMHSONDINPFHWRXFEE XSGDWHG WR
LOQFOXGH WKH UHTXLUHPHQWYV IRU VH&HHW HRZD W H UWKKHLDMW
DSSO\ WBLKIHHIKKHVLGHQWLDO RFFXSDQFLHV
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X 15&&0&+( ZRXEKXSGOBWBIULRXYVY WDEOHV WR UHIHU WR WKH
VWDQGDUIXHBREDKILW\ ERROBIGE DQEEHZ WDEOH WR LQFOX(
VHUYLFH ZDWHU KHDWLQJ UHTXLUHPHQWYV

X 15&&35&( ZRXOG EH X\W¢RBDWB&FH WKH QXPEHU RI FKRLFHYV
FDSDFLW\ RSWLRQV IRU SURFHVV ERLOHUV VLQFH WKH U]
WKDQ O00%WX K ZRXOG EH DOLJQHG

5HIXODWRU\ &RQWH[W
([LVWLQJ SHTXLUHPHQWYV LQ WKH &DOLIRUQLD (QHUJ\ &R

2.4.1.1 Existing Requiremen ts for Gas Boiler Systems

7KH H[LVWLQJ HIILFLHQF\ UHUKGUKRWQ@DW HRUEFDMNOHUV LQ 7L\
BHFWLRQ DUH PDQGDWRU\ UHTXLUHPHQWY WKDW DOLJQ :
VWDQGDUGY 7KHVH VWDQGDUGY UHTLXIQFN RLQLSNBFMKMU PROU
HTXLSPHQW ZLWK FDSDFLWLHV EHWZHAMEK DQG B W K QL P)XQRS
WKHUPDO HIILFLHQF\ RI SHUFHQW IRU ECFOLOMXIKEZYWK FDSD
UHTXLUHPHQWY DUH IRU LQGLYLGXDO HER LTKHIM DDQUGH QRRWF & W/
KRW ZDWHU V\VWHP GLVWULEXWLRQ GHVLJQ UHTXLUHPHQWYV
LQFOXGHV SUHVFULSWLYH UHTXLUHPHQWY IRU VIVWHP OHYH
GHVLJQ

2.4.1.2 Existing Requirements for Gas Service Water Heating

7KHDUH QR UHOHYDQW WKHUPDO HIILFLHQF\ UHTXLUHPHQWYV |
LQ 7LWOH 3DUW

2.4.1.3 Existing Requirements for Oxygen Concentration

BHFWLRQG LQFOXGHV R[\JHQ FRQFHQWUDWLRQ UHTXLUHPHC
SURFHVV ERLQISHW ZFID/SD F IOW WMWK RYUHRFRIVOEBEWZHHQ DQG
00%WKPXVW PDLQWDLQ R[\JHQ FRQFHQWUDWLRQV DW OHVV W
YROXPH ZLWK ILULQJ UDW H¥URIF HRWRR YUNSJIO U % MWK V W
PDLQWDLQ R[\JHDOWWERQVWHIQWOHVV WKDUF RQW EXDROPH ZLWK
UDWHV RI  WR SHUFHQW

6HFWLRQ Rl 7LWOH 3DUW LQFOXGHV R[\JHQ FRQFHQW
WR QHZO\ IKRWWEBOPRIBOHUY ZLWK LQSXW FDSO%WXLKIY DW RU
7TKHVH ERLOHUV PXVW PDLQWDLQ R[\JHQ FRQFHQWUDWLRQV I

JRU ERWK SURFHVV DQG FRPPHUFLDO ERLOHUVE\RYRGIXQPHRQF I
ZLWK ILULQJ UDWHV RI7TKHUR LVIFHGEMBUWHSDGRGHQ WKH FXUL
SHUWDLQLQJ WR ZKHWKHU FRPEXVWLRQ DLU YROXPH FDQ EH
JDV R[\JHQ FRQFHQWUDWLRQ RU ILULQJ UDWH
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SHODWLRQVKLS WR 5HTXLUHPHQWY LQ 2WKHU 3DUWYV RI \
&RGH

7KHUH DUH UHOHYDQW FRQGHQRDWSD GDPH QB U MERWARBQVWY W
30XPELQJ RWBH BHRWL R Q LQFOXGHV VSHFLILFV RQ W
SLSH VL]LQJ DQG SXPS LQVWDOODWLRQ 6HFWLRQ QRWH\
FRQGHQVLQJ DSSOLDQFHV VIQRXWR &K H/ PIHEXDFWEXBWURQV D
GUDLQ OLQHV IURP PRUH WKDQ RQH DSSOLDQFH VKRXOG EH I
BHFWLRQ FRQWDLQV VSHFLILRS R D WKKH GPLDDALKQUDLIBIOV PADW H
XQGLOXWHG FRQG&DOD\WH @IV WGIXPELQJ &RGH Q G

7KH FRQGHQVDWH SDUDPHWHUYV LQ WKH &DOLIRDERDOHUXPEL

WWVWHPV DOVR DSSO\ WR VHUYLFH ZDWHU KHDWG&QEBWLAR QY HPV
FRQWD VDOWWKHUPDO HOHFHRBRKEDEDFLW\ VHUYLFH ZDWH

KHDWLQJ DVWWHKRY SERORVADUWDQLD 30XPELQJ &RGH Q G

5HODWLRQVKLS WR /RFDO 6WDWH RU )HGHUDO /DZV

2.4.3.1 Gas Boiler Systems

&EXUUHQWO\ WKH IHGHUDO JRYHUQPHQW PLQLPXP HIILFLHQF\
ERLOHUV ZLWK UDWHG LQSXW EHWDDRMWXL V AW K HQ WQWB K H U
HIITLFLHBRFO G 7KH IHGHUDO HIILFLHQF\ UHTXLUHPHQWYV IRU JI
ZLWK FDSDFLWVOD®BRKHY D FRPEXVWLRQ HIILFLHQF\GR I SHUF
7TKHVH UHTXLUHPHQW\WY @ U B BOH HRIHQLAHGH 3DUW

$Q DPHQGPHQW WR WK HVKDBEWUDCE O HUKWWHDQXBXOG UDLVH
WKH PLQLPXP HIILEFLHQF\ UHITXH G HKFRA/QEYWRU ERVLOHUV ZLWK
EHWZHHQ % W X 0K D\EBWRSHUFHQW WKHUPDO HIILFLHQF\
WKHUPDO HIILFUHQWEG IRRW ZVYWHU ERLOHUV ZLWRBWVBXVHG LQS
DQG 00%WK ZLOO EH 'SHUFHQ@WH DPHQGPHQW QRWHY WKDW
VWDQGDUG RO DS ERLOHUV PDQXIDFWXUHG RQ RU DIWHU -I

7TKHUH DUH QR RWKHU UHOHYDQW IHGHUDO VWDWH RU ORFD

2.4.3.2 Gas Service Water Heating

7KH H[LVWLQJ HIILFLHQF\ UHUMGUHPW AW K HRWHDY LQ 7LWOH

| DUH PDQGDWRU\ UHTXLUHPHQWY WKDW DOLJQ ZLWK IF
VWDQGDUGYV 7KHVH UHTXLUHPHQWY LQFOXGH D WKHUPDO HI
PD[LPXP OHYHOV RI VWDQGE\ ORVV GHWHUPLQHG E\ WDQN VL
IRUVRUDJH VW\OH ZCHVAMD RAMEGUWLRQDOO\ 7LWOH 3DUW

FRQWDLQV UHTXLUHPHQWY RQ WKH LQVWDOODWLRQ DQG
ZDWHU KHDWLQJ HTXLSPHQW 7KHUH MWHDWR RW OHRF )G OHDYZD/!
VHUYLFH ZDWHU KHDWLQJ V\VWHPV
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2.4.3.3 Oxygen Concentration

7TKHDHGR FXUUHQW R[\JHQ WULP FRQWUROWWDBWH RHPGIRMDO
OHYSMVOWKHVH FRQWUROV FDQ EH DGGHG WR ERLOHUV ZLWK P
FRQWUROV DUH QRW SUHHPSWHG E\ IHGHUDO HIILFLHQF\ VWL

2.4.3.4 Pre-emption Considerations

%RLOHUV DQG ZDWHU KHDWHUV RSHUDWLQJ DW RU SHUF]
SURSRVHG V\VWHP WKHUPDO HIILFLHQFLHV RI SHUFHQW 6l
KHDWHUV DUH IHGHUDOO\ FRYHUHBSSWHRGEG XERP/ VVWBMWEY DW B
DERYH WKH IHGHUDO PLQLPXP VWDQG/HUBY XQRKWEBDWE BQ,Q\V
Q G +RZHYHU VWDWHY FDQ DGRSW KLJKHU HIILFLHQF\ OHYHC
LI WZR FRQGLWRRPRUGULY PWWR 8&HJ®O ,QIRUPDWLRQ ,QVWLW
7KH ILUVW LV WKDW WKH VWDQGDUG GRHV QRW H[FHHG WKH
DPHQGHG $6+5$( ,(6 ,00XPLQDWLQJ (QJLQKH UBFE 6LRF KD W 6
WKH EXLOGLQJ FRGH GRHV QRW WDNH HIIHFW SULRU WR WKH
$GGHQGXP %& RI $6+5%( HVWDEOLVKHVY WKH PLQLPXP ZHL.
RI KLJK FDSDEUWGJDRLOHU KRW ZDWHU V\VWHRF W& EH  SHI
$6+5%( VKRXOG EH DGRSWHG LQ -DQXDU\ DQG ZLOO WK
QHZ 7LWOH 3DUW VWDQGDUGV LQ -DQXDU\ 7KHUHIRUI
VWDQGDUG LQ WKH 7LWOH FRGH FKDQJH F\FOH 6HFWLR
IQFOXGHV WKH WKHUPDO ZHLJKWHG HIILFLHQF\ UHTXLUHPHQV
VIVWHPV WKDW WKLV SURSRVDO UHFRPPHQGY DQG WKLV VHI
VLQFH

5HODWLRQVKLS WR ,QGXVWU\ 6WDQGDUGYV

$V GHPRQVWUDWHG DEKRYHS UWRISHR\DL@ RV W R IR O HEBQERIVDK W K H
ZDWHU KHDWLQJ V\VWHP DQG JDV VHUYLFH ZDWHU KHDWLQJ
UHTXLUHPHQWYV LQ $6+BKH IHGHUDO H[FHSWLRQ WR SUHHPSW
8 6 & UHTXLUHV DOLJQPHQW HMWEZHHIEG WEKHFREGRBSRQG FXUU
$6+5$( UHTXLUHPHQWVLWBKRBRVOUWOHPIWWFKHY WKRVH UHTXLUH
$6+5%(

&RPSOLDQFH DQG (QIRUFHPHQW

KHQ GHYHORSLQJ WKLV SURSRVDO WKH 6WDWHZLGH &$6( 7H
VWUHDPOLQH WKH FRPSEKHPHOW SOQORBFHYY DQG KRZ QHIJDWLYH
PDUNHW DFWRUV ZKR DUH LQYROYHG LQ WKH SURFHVV FRXOC(
VHFWLRQ GHVFULEHV KRZ WR FRPSO\ ZLWK WKH SURSRVHG F!
FRPSOLDQFH YHULILFIDOMIORSI [SHWNRHFGIWY KRZ WKH SURSRVHG FK
LPSDFW YDULRXVY PDUNHW DFWRUV
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7KH DFWLYLWLHV WKDW QHHG WR RFFXU GXULQJ HDFK SKDVH

X

'"HVLJISKDVH UWKH#9$& GHVLIQ WHDP LGHQWLILHV LI D JLYH
WKHVH HIILELHQF\ UH T X7/LDUEHPHH QWKW QRIWKIGUHPHQWY DSSO
EXLOGLQJ WKH GHVLJQHU ZRXOG QHHG WR FDOFXODWH '
XVLRQJIVWUDLIJKWIRUZDWRGE FIRREBEDW IQRZ VWHS L\Q WKH St
IRU WKH GHVLJQ WHDP 7EKRXMPGERGEMHIQWR FRPSOHWH W
XSGDWHGO0I&&&I RUP 7KH SOXPELDRIX@MWLIDH WKDW WKH C
YHUVLRQ RI VBK¥ L¥&RURSHUO\ ILOOHG RXW DQG HQVXUH"
IORZ UDWH DQG VXSG ON HMSMHW WMWK LV PHW DORQJ ZLW|
R[\JHQ WULP FRQWURO OHYHOV

SHUPLW $SSOLFDWUR®@ BRDKWH SHUPLW DSSOLFDWLRQ SKD
WHIORXUBEPLW GHVLIQ GRFXPHQWYV WKDW LQFOXGH WKH
KHDWHU VSHFLILFDWKRQRDAHLUKMWH®&FLHY IRU DOO HTXL
7TDEOHERLOHU IORZ UDWHVY DQG WHPSHUDWXUHV DQG RJ\
VSHFLILFDWLRQV 6SHFLILFDWLRQV IRU WKH WKHUPDO HI
KHDWHUV DORQJ IORZ UDWH DQG UHWXUQ ZDWHU WHPSH
LQ SHUPLW DSSCXNVWIMWER @QRWKBWE\ SURMEBFWDQKDPV 15&
15&&3/%( ZRXQBHG WR EH XSGDWHG WR DGKHUH WR WKHYV
SODQV H[ZRX@BWHG WR XQGHUVWDQG WKH FRGH XSGDWH"®
UHOHYDQW H[FHSWLRQV WR WKH FKDQJH

ERQVWUXFWLRQUBKKHWHRQVWUXFWLRQ SKDVH WKH JHQHLU
QHHGV WR EH DZDUH RI WKH QHZ ZHLJKWHG WKHUPDO HI
WKH HTXLSPHQW LQVWDOOHG PHHWYV WKH XSGDWHG FRGI
HITLFLHQFYRK®W® IDFQ DYHUDJH RIXBDFKRILQGUYDQRG ZDWHU
WKHUPDO HIILFLHQF\ ZHLJKWHG E\ KHDW LQSXW $GGLWL
WKDW HTXLSPHQW LV LQVWDOOHG LQ DFFRUGDQFH WR FF
LQVWDOODWLRQ VKRXOG EH GRFXPHQWHGZRAOBKHGURMH
WR HQVXDEBONKO®SWOLFDEOH QRQUHVLGHQWLDO FHUWLILFD
DFFHSWDQFH LQPA@XGLQ3&KX& DQB5&,35& DUH

FRPSOHWHG SURSHUO\ WR PHHW WKH XSGDWHG UHTXLUH

,QVSHFWLRQ7RKDERLOHU RU KRW QDWZHRIOGEMNCH W R
DFFXUDWHO\ FRPSOHWH WKH &HUWLILFDWHMWRI $FFHSWD
DQG 158&+ /IDVWO\ WKH LQYRNN@EHGQ WRIARMSOHWH Wk
&HUWLILFDWH RI ,@&WD QO DKH\RH W B & HRIXIBRE BWRYLGHG
WWKH EXLOGLQJ LQVSHFWRUKMREXHOGI\ FRRPGOEBOW R U
WKDW WKH 15&& 15&% DQG 15&, DUH FRQVLVIRXIVE ZLWK
LVVXH D FHUWLILFDWH RI RFFXSDQF\
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&KDQJHV LQ WKH FRP SZRDOSFIHP BURBHVYNSDFW WKH ZRUNIORZ\
SOXPELQJ GHVLJQHUV SODQV H[DPLQHU DQG FRQWUDFWRUV
SODQV H[DPRRQ®ENG WR EH DZDUH Rl WKH QHZ WKHUPDO HIIL]
LQFOXGH WKLV LQ WKHOH\WHTHGEGPWDRRQDPIOHGRRQWUDFWRUV E
SLHFHV HT XIRFREMG WR HQVXUH WKDW ERLOHUV DUH FKRVHC
VI\VWHP ZHLJKWHG WKHUPDO HIILFLHQF\ WR PHHW WKH SURSF
WKHUPDO HIILFLHQFHH\RZOWK RXOWMSHU KHDWHUV VKRXOG Q
SUREOHP IRU WKHVH PDUNHW DFWRUV DV ZNQROWQHBHWKHBPI
LQ WKH PHFKDQLFDO ILHOG $GGLWLRQDOO\ WKH 6WDWHZLG
GHVLJQ GREXPHQWYV VIGREZQTGHLYIKIKID® BHQ! IZARXHIQE UH D P DK QAK

WKH ZHLJKWHG HIILFLHQFLHY FDOFXODWLRQ SURFHVV IRU +9
H[DPLQARMQBHG WR YHULI\ WKDW WKH ZHLJKWHG HIILFLHQFL

+9%& GHVLIRHKODWBVR QWHHGQFOXGH IORZ UDWHV DQG UHWXUQ
WKHLU SOXPELQJ VSHFLILFDYWRROFEPSODDKWWHKHREQGBWWHG FRP.
GRFXPHQW ZLWK WKH KRW ZDWHU GHVLJQ VSHFLILFDWLRQV F
ZLWK WKLV SURFHWV& ¥ KHDRDIYWHIRESRVHG FRGH ODQJXDJH D
FRPSOLDQFH GRFXPHQW WKDW VXFFLQFWO\ VKRZ WKH KRW Z
$GGLWLRQDOO\ WKH 6WDWHZLGH &%$6( 7HDP LV UHDFKLQJ RX
GHWHUPLQH WKH PRVW HIIHFWH. YHIRZDUWD WHR DXQIGADWHKU WHPS
UHTXLUHPHQWYV

7KH SURSRVHG UHYLVURYWWRHW KRR @ WHEW UDWIRK® @HTXLUHF
VLPSOLI\ WKH FRPSOLDQFH SURFHVV 2[\JHQ FRQFHQWUDWLR

3DUW VLQFH WKH DBREW VRWRQY MUH IDPLOLDU ZLWK
DQG DFFXVWRP WR WKH FRPSOLDQFH SURFHVV 7KH FKDQJHYV
HOLPLQDWLQJ YDULDWLRQ LQ WKH PD[LPXP FRQFHQWUDWLRC
FDSDFLW\ ,QVWHDG RI GHWHUWPWRLPHHW WK HSEHRIFGIW RHH G S
VWDV R[\JHQ FRQFHQWUDWLRQ LI DQ\ ERLOHU PHHWYV WKH
WKH SHUFHQW FDSDFLW\ 7KH 6WDWHZLGH &$6( 7THDP KDV O
PDQXIDFWXUHUV W\SLFDOO\ FD O LMWDOHD RL RHQDMHEY HD V X S ¢
SURFHVV Rl GHWHUPLQLQJ ZKDW ILHOG YHULILFDWLRQ SURFF
R[\JHQ FRQFHQWUDWLRQ UHTXLUHPHRXNGE YKHKVHLERLIOMH W KMV
PDQQHU DV ERLOHUV ZLW&0BD\SY RIULMIQHWOR DRI 7KH SURSRVH
FKDQJHV HOLPLQDWH WKH H[FHSWLRQ EDVHGZR ROKR WKHHW WK |
VLPSOLI\ WKH FRPSOLDQFH SURFHVV EHFDXVH GHWHUPLQLQJ
ZRXEH8 HDVLHU )LQDOO\ WKH SURSRVH® G KB HU/L MLFSDLLR Q!
FODULI\LQJ WKDW R[\JHQ FRQFHQWUDWLRQ VKRXOG EH FRQW
IRU DOO ERLOHUV UHJDUGOHVV RI VL]H DQBGRISBGIDADWLRQ 7
VKRZ ZKDW ERLOHU V\VWHPV IDOO XQ\AHWP WREWUERGS HJR T YWKUH
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7KH 6 WDWHZLGH &%$6( 7HDP ZLOO EH ZRUNLQJ FORVHO\ ZLWK
PDNH XSGDWHV WR WKH FRPSOLDQFH PDQXDO WKH FRPSOLD

FRPSOLDQFH VRHWBEBOBIFFHIBURSRVHG UHYLVLRQV WR WKH FF
VRIWZDUH
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ODUNHW $QDO\VLYV

ODUNHW 6WUXFWXUH

7KIBWDWHZLGH &S WIIRMEP PDUNHW DQDO\VLY ZLWK WKH JRDO"
FXUUHQW WBFERDREDRUOLW\ FXUUHQW SURGXFW7RMDLODELOL\
BWDWHZLGH &$6( FROQPRHBKHOWKH SURSRVPABG\L\AED G ®DWIGH
PDUNHWQKUDO DV ZHOO DV LQG LY LREXMDIDWR R QNZINE B RWR B H G
WKH LQFUHPHQWDO FRVW RI FRPSO\LQVALWPK WHW BIURBBRN H G
VL]H DQG PHDVXUHZB SIS®HG WELOH® WKURXJK UHVHDUFK DQG |
VWDNHKROBOWIQILW\ SURQHDP\\&RPHRLVVLRQ VWDWHDQG D 2
RI LQGXVWU\ DFWRUV ,Q DGGLWLRQ WR FRQGXFWLQJ SHUVR
7HDP GLVFXVVHG WKH FXUUHQW PDUNHW VWUXFWXUH DQG SF
VWDNHKROGHU PHHWLQJV WKDW WKH 6WDWHZLGHQ&$6( 7HDP
ODUFK

$FFRUGLQJ WR D UHSRUW FRPSLOHG E\ WKH &RQVRUWLXP IRL
W\SLFDO GLVWULEXWLRQ FKDQQHOV IRU D FRPPHUFLDO ERLO
PDQXIDFWXUHU PDQXIDFWXUHU UHSUHVHDW BRQ WK RFWZRKR O |
GHVLJQ HQJLQHHU&KDB® RAQHKH GLVWULEXWLRQ FKDQQHOV
FRPPHUFLDO ZDWHU KHDWHU FRQVLVWY RI WKH VDPH PDUNH)
IXQFWLRQV 2[\JHQ WULP FRQWURQMZDERLIOHVKRIU VR O DUW F
DGRBQ E\ D ERLOHU FRQWUROV PDQXIDFW XU HWKHRY PRQXIDF W X
ZLWK D QHZ ERLOHU WKH VD OHW FBRDDQMHHZL TN RYIKE W D P H
UHDFKHG RXW WR PHPEHUV Rl WKH RRWU H®R WH LR IRRUPW WR B Q C
UHJDUGLQJ VDOHV DQG GLVWULEXWLRQ FKDQQHOV

,Q QHZ FRQVWUXFWLRQ LW LV PRVW FRPPRQ IRU WKH EXLOG
HQJLQHHU RU FRQWUDFWRU WR SODQ DQG VSHFLI\ WKH ERLO
GHVLJQ HQJILQ BIFUWRY WEAQYFRQWDFW D PDQXIDFWXUHU RU Z
SXUFKDVH HTXLSPHQW WKDW PHHWYV WHHXMEHFQRZFDWLRQV F
ODQXIDFWXUHU UHS U H \KHQ RIDMROY DBMWEIRROICHELO B QM ZDWHU KHDW
7KDW VDLG WKHUW KHIHSMHYKHUD\® RQ ZKLFK DQ RZQHU FDQ S
DV GHPRQVWUDWHG L@EMKIPW@EOH EHORZ
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J)LIXUHLRQUH VL GERQ W H D\BDQGZAHV KHID WaGH YW U L FEKW QR ® O V

6 RXUEH

7TDEOWXPPDUL]HV WKH PDUNHW DFWRUYV DQG WKHLU SRWHQW |
SDWKZD\V GHWDAWDWEH . QRVW FRPPRQ IXQFWLRQV DUH RUGHU

7TDEOHRQUHVLGHQWLDO %RLOHU DQG 6HUYLFH :DWHU +HDWH

ODUNHW $FWRU 3RWHQWLDO &RUH )XQFWLRQV
ODQXIDFWXUHUV BURGXFWLRQ

ODQXIDFWXUHU 5HSU 'LVWULEXWLRQ RI 3URGXSW H QS
:KROHVDOHU /IRILVWLEV ,QVWDOODWLRQ
'"HVLJQ (QJLQHHU 6SHFLI\LQJ (TXLSPHQW /RJLVW
&RQWUDFWRU ,QVWDOODWLRQ 6SHFLI\LQJ (T
2ZQHU '"HFLVLRQ ODNHU

7HFKQLFDO )HDDALEH@/L$MD DQBELOUWNQW 3UDFWLF

*DV %RLOHU 6\VWHPYV

7KH 6WDWHZLGH &$6( 7HDP GRHV QRW H[SHFW DQ\ WHFKQLFD
FRQGHQVLQJ ERPOMXWIB WHFKQRORJ\ 7KH SURSRVHG PLQLP>
HIILFLHQF\ Rl S H UFUHHMV B R ILOVIDVYGVKWRW ZDWHU GLVWULEXW
UHTXLUHPHQWY ZDV DGGHG WR $6+5$(3GGH@GXP D\& D SDUW F
$FFRUGLWROD UHSRUW SXEOLVKHG E\ WKH 8QLWHG 6WDWHV *HC
*6$ QHZ FRQVWUXFWLRQ DSSOLFDWLRK®@Y PHSIDFFL-D R HDXWL DG @
FDQ EH GHVLJQHG IRU RSWLPDO XV3DUINMK PROGCH QUREK ERG C
)XUWKHUPRUH WKH 1DWLRQDO 5HQHZDEOH (QHUJ\ /DERUDWR
SKDYH EHHQ DYDLODEOBHRH IRKH $SURMH\WBSKWIAHU\HD UV
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$FFRUGLQJ WR GDWRQGRWIMRIQL @LU+HDWLQJ DQG 5HIULJHUD
WKHUH DUH GLIIHUHQW P DRQXHIFRARPRPHIMN ZDW KEBRDGHUV 21 V
PDQXIDFWXUHUV KDYH DW OHDVW RQH PRGHO OLNQMHG ZLW
RU JUHDWHU 3URGXFWV DUH ZLGHO\ DYDLODEOH E\ PDQ\ PD(
VAVWHP HIILFLHQF\ UHTXLUHPHQWY IRU WKH SURSRVHG PHDYV
UHFHLYHG ZULWWHQ DQG YHUEDO IHHGEDFN IURP PDMRU PDC
IRFKLQQBU¥WUDGIRUG :KLWH

7KH PDLQ LQVWDOODWLRQ FRQVLGHUDWLRQV IRU WKLV PHDV
PDQDJHPHRMW YHQWLQJ DQG FRQGHQVDWH GUDUGININ WEQW LC
PDWHULDOV $Q DOWHUQDWLYH RSWLRQ HRW BRQ G]HQMERYHNLV
ZLOO LQFUHDVH WKH S+ Rl WKH FRQGHQVDWH DOORZLQJ LW
GUDLQVRQQHOM®XSHUDWLRQDO UHTXLUHPHQWY RI D FRQGHQV
D &DWHJRU\ ,9 Y HQ R SHWDEWHW KDV SRVLWLYH SUHVVXUH DQG

QDWXUH RI WKH H[KDXVW JDV WKHUHIRUH YHQWLQJ YLD WKF
IRU UHWURILWYV :KLOH WKH YHQWLQJ PDWHULDOV DUH QR PR
XVHG RQ D PLQL®DID®V EFRR®HU WRGD\ WKH FRQGHQVDWH PD
LQFOXGHG LQ WKH LQFUHPHQWDO PHDVXUH FRVW DQDO\VLV

7KH 6WDWHZLGH 8$&(LHZBIEBE VHYHUDO ZRUNSXFHEDNCOCSXEOQVRH
3XEOLF S8WLOLWLHV &RPPLVVLRQ &38& IRU VHUYLFH ZDWHU
"RUNSDSHU :36&*15:+ & SHYLVLRQ IRU &RPPHUFLDO +RW
SXEOLVKHG E\ 6R&DO*DV LQ FRQILUPV WKH PHDVXUH OLII
DUH SHUVLVWHQW $V VXFK DQG EHFDXVH LW LV D FRQVHUYD
FRQGHQVLQJ ERLOHUV ZRXOG HIIHFWLYHO\ GHOLYHU VDYLQJ
LQ WKHHAR¥WLYHQHVY DQDO\VLVY SUHVHQWHG LQ WKLV UHSRI

*DV 6HUYLFH+HDWHLD J

7KH 6 WDWHZLGH &%$6( 7HDP GRHV QRW H[SHFW DQ\ WHFKQLFD
FRQGHQVLQJ ZzDWHU KHDWHUYVY DUH D PDWXUH WHFKQRORJ\ C
R SHUFHQW. URHWG OR'W ZDWHU KHDWLQJ VI\VWHPV KDV EHHQ
PRGHO FRGH VLQFH

$SFFRUGLQJIWRPEDWWKHUH DUH GLITHUHQW PIDWXGEDFW XUHU\
FRPPHUFLDO ZDWHU KHDWHUV 21 WKRVH PDQXIDFWXUHUYV
ZLWK D WKHUPDO MHUFRQW¥YHRDWHU UWBURGEHRW\WVDD'DLODEOH E
PDQXIDFWXUHUV WKDW ZLOO PHHW WKH V\VWHP HIILFLHQF\ U
PHDVXUH 7KH 6WDWHZUGIH RI$Y6H GHNRWWHQ DQG WBIMEDO IHH
PDQXIDFWXUHUV RI WKLY HTXLSPHQW L Q MOHX GBLKMHEI® HD YoHPW W K
%URRNYG /RFKLQYDU

$V ZLWK FRQGHQVLQJ ERLOHUV WKH PDLQ LQVWDOODWLRQ F
VXUURXQG YHQWLQJ DQG FRQ GKID WBH\Y W IP@X D QP HRAWG HQ VD W
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PXVW LQFOXG K HFRIVWMIVRYQ R/QP DMHQLRWOYH REWORQ IRU FRQGHC
LQFRUSRUDWH D QHXWUDOL]DWLRQ NLW WKDW ZLOO LQFUHD"
EH VDIHO\ GLVSRVHG RI GRZ R EORS$IHHZ THUDIVPIVR QDO UHTXLUH
RI D FRQRHIQMVWHP DOVR UHTXLUH D &DWHJRU\ ,9 YHQW VWD
SUHVVXUH DQG FDQ KDQGOH WKH DFLGLF QDWXUH RI WKH HJ[}
H[LVWLQJ VWDFN PD\ QRW EH DQ RSWLRQ IRU UHWURILWV $V
FRQUX¥WLRQ VLGHZDOO YHQWLQJ LV WKH PRVW OLNHO\ DSSL
'KLOH WKH YHQWLQJ PDWHULDOV DUH QR PRUH H[SHQVLYH FF
PLQLPDOO\ FRPSOLDQW ZDWHU KHDWHU WRGD\ WKH FRQGHQ
LQFOXGKHHE LAFXF WHPHQWDO PHDVXUH FRVW DQDO\VLYV

7KH 6WDWHZLGH &$6( 7HDP UHYLHZHG VHYHUDO :RUNSDSHUV
VHUYLFH ZDWHU KHDWLQJ PHDVXUH LQIRUPDWLRQ 3*(&2+9&
+HDWLQJ %RLOHUYV SXEOLVKHG E\ 3* (WH) OLIHFRQ ILUPD/UW KX
WKH VDYLQJV DUH SHUVLVWHQW 6HUYLFH ZDWHU KHDWLQJ L
WHFKQRORJLHV LQFOXGLQJ VWRUDJH WDQNOHVV DQG YROXF
XWLOL]LQJ DQ LQGLUHFW WDQN :KLHOQHF W IGH.VIHH S H @ & XHF V8 Y FA/DL
XVHIXO OLIHWLPHV WKHVH FRQGHQVLQJ SURGXFWYV ODVW DV
)XUWKHUPRUH DV WKH ZRUNSDSHU LQGLFDWHY SHUIRUPDQF
HITHFWLYH XVHIXO OLIH GXH WR WKH\QDWXUH RI FRQGHQVLQ

2[\JHQ &RQFHQWUDWLRQ

7KH 6WDWHZLGH &$6( 7THDP GRHV QRW H[SHFW DQ\ WHFKQLFD
R[\JHERQFHQWRDWLRP®Y DUH D PDBSHFAL IWHEF® QR CRIJIH Q
FRQFHQWUWIWLBBPHQWVDI®RG SRRFEBEDBQY ZHWR DICVEE G
3DUW LQ WKH %R IFAEMIKN FD SHHFWEHH® 0% WD UBHTXLUHG
DFKLHYH R[\JHQ FRRFHIOKVLBRWDRQEH DFKLHYHG WKURXJK SDL
SRVLWLRRILDHQRWULP MREGWUBDYJ WR VWDNHKROGHU IHHGEDF
ERLOHUV RI WKLV VL]H DFKLHYH WKHVH UHTXLUHPHQWYV WKU
ERLOHUV DUH UHTXLUHG WR DFKLHYH R[\JHQ FRQFHQWUDWLR
DFKLHYHG WKURXJK R[\6 HQMAHWLP RRIHQURRQFHQW SDWMWRQ OH
RI FXUUHQW FRGH UHTXLUHPHQWY WKHRPDHQHWULWY IDPLOLDI
WHFKQRORJ\ 7KH 6WDWHZLGH &$6( 7THDP HQJDJHG PDQXIDFW
LQFOXGLQJ $ 3V VOHBUIDHRIG & OHYRRNXW WKHUH LV QR NQRZQ
FRPSUHKHQVLYH GDWDEDVH RI R[\JHQ WULP FRQWUROV PDQX

2[\JHQ WRIPNUROV KDYH DQ H[SHFWHG OLIH HTXDO WR WKH E
\HDUV $GGLWLRQDOO\ HQHUJ\ VDYLQJV IURP WKLWKAHDVXUH
V\VWHR 8 &
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ODUNHW ,PSDFWV DQG (FRQRPLF $VVHVVPHQWYV

,PSDFW RQ % XLOGHUYV

%XLOGHUV RI UHVLGHQWLDO DQG FRPPHUFLDO VWUXFWXUHYV
PHDVXUHV SURSRVHG E\ WKH 6WDWH ZLERIG&S 5 { FRHID\P 2 RW KW R H
WKH QRUPDO SUDFWLFHV RIGW KMWHWRKHLWD EXVE S LMPR BUDFWL]
EXLOGLQJ FRGHV :KHQ QHFHVVDU\ EXLOGHUV HQJDJH LQ FR
LQ RUGHU WR UHPDLQ FRPSOLDSQFMLFK \FIDMEJEX LR IGHVERC

&DOLIRUQLDYV FRQVWUXFWLRQ LQGXVWU\ LV FRPSULVHG RI [

DQG HPSOR\HIBE OWHH® WRWDO SD\UROO ZDV ELOO!
RI WKHVH EXVLQHVYVY HVWDEOLVKPHQWY DQG HPSOF
UHVLGHQWLDO EXLOGLQJ VHFWRU ZRMOHDBERWKHU HVW

HPSOR\HHV IRFXV RQ WKH FRPPHUFLDO VHFWRU 7KH UHPDLQ
HPSOR\HHV ZRUN LQ LQGXVWULDO XWLOLWLHV LQIUDVWUXF
LQGXVWULDO VHFWRU

7TDEOH®OOLIRYRQDPWUXFYE&RVWU\ (VWDEOLVKPHQWY (PSOR\PF
3D\UROO

&RQVWUXFWLRQ 6HFWRUYV (VWDE (PSOF  $QQX
PHQ\ PHQ 3D\UJ
ELOOL

&RPPHUFLDO

&RPPHUFLDO %XLOGLQJ &RQ\
%XLOGLQJ (TXLSPHQW &RQW
,QGXVWULDO 8WLOLWLHV ,Q
,QGXVWULDO %XLOGLQJ &RQ\

6RXUFGWDWH RI &DOLIRUQLD (PSOR\PHQW 'HYHORSPHQW 'HSDUWPHQW Q

7KH SURSRVHGBWRKRLQHU DQG VHUYLFH ZDWHU KHDWLQJ WKHU
R[\JHQ FRQFHQW WRWX IOREQ KOG\ FRI® R FW F L D Q GIXQBX W DOB@HKIH/

HITHFWV RQ WKH UHVLGHQWLDO D QG FR®® W UFH. D B OB/X L[EQ ®LO)
DQG ZRUNHUV ZRXWE &) PREAMQWUDWHG LQ VSHFLZIDEQAKGXVWU
VKRZV WKH FRPPHUFLDO EZH GIGSIQBW WERVHAWRSDYFWHG E\ WK|
SURSRVHG LQ WKILWIPRIGWRUBFWRUV WKDW IRFXV RQ VSDFH KH

1$YHUDJH WRWDO PRQWKO\ HPSOR\PHQW LQ &DOLIRUQLD LQ ZDV P
UHSUHVHQWHG SHUFHQW RI HPSOR\PHQW
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KHDWLQJ HTXLSPHQW ZRXOG EH LPSDFWHG E\ WKLV SURSRVD
HVWLPDWHYV RI WKH PDJQLWXGH RDHEWMIHR QPSDFWYVY DUH V

TDEOH6SHFLILF 6 XEVHFWRUV RI WKH &DOLIRUQLD &RPPHUFLD
,PSDFWHG E\ BURSRVH&R&GKIDOQWB Q\GFD U G

&RQVWUXFWLRQ 6XEVHFWR (VWDE (PSOF $QQX
PHQ\ PHQ 3D\UF
ELOOL!

&RPPHUFLDO %XLOGLQJ &R
1RQUHVLGHQWLDO SOXPEL!
FRQWUDFWRUYV

6RXUFGAHWDWH RI &DOLIRUQLD (PSOR\PHQW 'HYHORSPHQW 'HSDUWPHQW Q

,PSDFW RQ %XLOGLQJ 'HVLIJQHUV DQG (QHUJ\ &RQVXOWD((

$GMXVWLQJ GHVLJQ SUDFWLFHV WR FRPSO\ ZLWK FKDQJLQJ E
WKH QRUPDO SUDIFQWLEHV RIQEXMO @ XLOGLQJ FRGHV LQFOXGL
(QHUJ\ &RGH DUH W\SLFD O O\WHDIGDMM.G IRRIQ DF VFIOBHBIQG EXL O«
GHVLJQHUV DQG HQHUJ\ FRQVXOWDQWY HQJDJH LQ FRQWLQX
WR UHPDLQ FRPSOLDQ@WHXILW® SKDBWHY¥HWRDQG EXLOGLQJ FRC(

%XVLQHVVHV WKDW IRFXV RQ UHVLGHQWLDO FRPPHUFLDO L
GHVLJQ DUH FRQWDLQHG ZLWKLQ WKH BUWKL$PHFULXDRO, GE XV
&ODVVLILFDWLRQ 6VWDEWBHWKRZY WKH QXPEHU RI HVYWDEOLVKPH
HPSOR\PBIQ® WRWDO DQQXDO SD\UROO IRU %KHOFGR®H $UFKLW
FKDQJH SURSRYVPOWDWHZLGH &$6( QHORUWWEBHRSR¥RGH F\FOH
ZRXGBWHQWLDOO\ LPSDFW DOO ILUPV ZLWK 7@ MV &\ CHW H K L @/H |
&$6( 7THDP DQWWRKL-S D SR WAK LYV PHDV XIUHPW RVRDIWFI\RFXV RQ
QRQUH YV LIBRA@QWW.DXOF W LR Q

7KHUH LV QRW DOQU@YYBEX$PPHW\LEODVVLILFDWIRRCH M8 WHLA L E § R
HQHUJ\ FRQVXOWDQWYV ,QVWHDG EXVLQHVVHV WKDW IRFXYV |

21%$,&6 LV WKH VWBOESDHGHUDO VWDWLVWLFDO DJHQFLHV LQ FODVVLI\LQJ
WKH SXUSRVH RI FROOHFWLQJ DQDO\]LQJ DQG SXEOLVKLQJ VWDWLVWLFI
1$,&6 ZDV GHYHORSPHQW MRLQWO\ E\ WKH &% & RFFRPQRPLAH QRS &L | 6RADMWIR
&DQDGD DQG OH[LFR V ,QVWLWXWR 1DFLRQDO GH (VWDGLVWLFD \ *HRJUD
FRPSDUDELOLW\ LQ EXVLQHVV VWDWLVWLFV ID}RRKE& U MKAHD FRIGVWKKSP 61 \W D B
,QGXVWULDO & ® P& W\AIVWDHW LLRX
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HQHUJ\ HIILFLHQF\ DUH FRQWDLQHG LQ WKH %XLOGLQJ ,QVSFH
ZKLFK LV FRPSILUWKWGSULPDULO\ HQJDJHG LQ WKH SK\VL
UHVLGHQWLDO DQG QRGUWVILG HERWLORVEXEOGLWRVGHWHUPLQ
HVWDEOLVKPHQWY ZLWKLQ WKH %XLOGLQJH®ROSHBWURY 6HUY
HIILFLHQF\ FRRW XQMUPDWLRID ERSZIRYLGHY DQ XSSHU ERXQC
LQGLFDWLRQ RI WKH VL]H RI WKLV VHFWRU LQ &DOLIRUQLD

7TDEOH&DOLIRUQLD %XLOGLQJ 'HVLIQHU DQG (QHUJ\ &RQVXOW

6HFWRU (VWDEOLVI (PSOR\PF $QQXDO 3
PLOOLF

$UFKLWHFWXW®DO 6|

%XLOGLQJ ,QVSHFEW

6RXUFHWDWH RI &DOLIRUQLD (PSOR\PHQW 'HYHORSPHQW 'HSDUWPHQW Q

D $UFKLWHFWXUDO 6HUYLFHV 1%,&6 VHFWRRPISVWDHD SWHND@WV SULPD!
LQ SODQQLQJ DQG GHVLJQLQJ UHVLGHQWLDO LQVWLWXWLRQDO OHLYV
VWUXFWXUHV

E %XLOGLQJ ,QVSHFWLRQ 6HUFRPISVLY$ \GIFWPWHVWDEOLVKPHQWYV SUI
HQJDJHG LQ SURYLGLQJ EXLOGLQJ UHVLGHQWLDO QRQUHVLGHQWLD:
DVSHFWV Rl WKH EXLOGLQJ VWUXFWXUH DQG FRPSRQHQW V\VWHPV L¢
VHUYLFHV

PSDFW RQ 2FFXSDWLRQDO 6DIHW\ DQG +HDOWK

7KH SURSRVHG FRGH FKDQJH GRHV QRW DOWHU DQ\ H[LVWLQ
UHJXODWLRQV SHUWDLQLQJ WR VDIHW\ DQG KHDOWK LQFOXC
'LYLVLRQ RI 2FFXSDWLRQDO 6D H$W\$SD@GHF HDWMWXK] RBDOVBK D C
UXOZHRKOBPDLQ LQ SODFH &RPSO\LQJ ZLWK WKH SURSRVHG F
DOQWLFLSDWHG WR KDYH DGYHUVH LPSDFWV RQ WKH VDIHW\ R
LQYROYHG ZLWK WKH FRQVWUXFWLRQ RRRAKLIVEXRQGQRDIDQG

$00 SURSRVHG FRGH FKDQJHV ZLOO DSSO\ WR KHDOWKFDUH
,PSDFW RQ %XLOGLQJ 2ZQHUV DQG 2FFXSDQWYV

Commercial Buildings

3 (VWDEOLVIK® MWV VHFBE)RUL QEFTNKE H UL P D BIYD\OKQWLUIMG DLEXLOGLQJITV V)
DQG FRPSRQHQW V\VWHPV DQG LQFOXGHV HQHUJ\ HIILFLHQF\ LQVSHFWLR
VHUYLFHV 7KLV VHFWRHN I&\RWDE@RWKPQMFDNVY SULPDULO\ HQJDJHG LQ SURY
SHVWV KD]DUGRXV ZDVWHYV RU RWKHUGQRI® R HYRIQWP K Q WDXOG FHR \QWDW HQIDMWH @
JRYHUQPHQW HQWLWLHV WKDW IRFRR PR® EXQ 06 IHIYI RWFHBRGBW RREBM L O G L
UHJXODWLRQV
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7KH FRPPHUFLDO EXLOGLQJ VHFWRU LQFOXGHV D ZLGH DUUD
UHVWDXUDQWY DQG ORGJXQH HMMIE®L VIKPE WM D QG ZDUHK
LQFOXGLQJ UHHQQHUDWBEUJ\ XVH ED@WFXRI FRPPHUFLDO
EXLOGLQJV DOVR YDULHV FRQVLGHUDEO\ ZLWK HOHFWULFLW)
FRROLQJ DQG FRQGLWLRQLQJ DQG UHIULJHUDWLRQ 1DWXUD
ZDWHU DQG IRU VSDFH KHDWLQJ $FFRG GIQW KR L Q IKRPIDIW U R
(QHUJ\ (IILFLHQF\ $FWLRQ 30DQ WKHUH LV PRUH WKDQ EL
IORRU VSDFH LQ &DOLIRUQLD DQG FRQVXPHV SHUFHQW RI &
XVHHQQH\ 7KH ®GNMYLM/\ Rl EXLOGLQJ DQG EXVLQHVV W\SHV Z
FUHDWHV D FKDOOHQJH IRU GLVVHPLQDWLQJ LQIRUPDWLRQ R
VROXWLRQV DV GRHV WKH YDULDELOLW\ LQ VRSKLVWLFDWLR
UHODWLRQVKLSY EHWZHEG RRERSDQWRZQHUV D

%XLOGLQJ RZQHUV DRGERBBAXNEWQWRP ORZHU HQHUJ\ ELOOV
BHFWLRQ ZKHQ EXLOGLQJ RFFXSBQWVEVOOM RQPKH\ WHQG WR \
HOVHZKHUH LQ WKH HFRQRP\ WKHUHE\ FUHDWLQJ MREV DQG

HFRQRP\ 7KH 6WDWHZLGH &$6( 7THDP GRHV QRW H[SHFW WKH
WK H FRGH F\FOH WR LPSDFW EXWYGDL®YHRAQMOIV RU RFFXS

,PSDFW RQ %XLOGLQJ &RPSRQHQW 5HWDLOHUV ,QFOXGL:
'LVWULEXWRUYV

7KH 6 WDWHZLGH &%$6( 7THDP GRHV QRW H[SHFW ZLGHVSUHDG F
ZDWHU KHDWLQJ RU R[\JHQ FRQFHQWUDWLRQ WHFKWRBRJ\ P

WHFKQRORJLHV WKDW PHHW WKHVH SURSRVHG UHTXLUHPHQYV
WKH PDUNHW ZRXOG EH LPSDFWHG GXH WR WKH UHVSHFWLYH

,PSDFW RQ %XLOGLQJ ,QVSHFWRUYV

7DEOHWKRZV HPSOR\PHQW DQG SD\UROO LQIRUPDWLRQ IRU VV
DIJHQFLHV LQ ZKLFK PDQ\ LQVSHFWRUV RI UHVLGHQWLDO DQCG
HPSOR\HG % XLOGLQJ LQVEBE FRROWL QR URIL ARUESDM)LQJ WR VWE
DVSHFWV RI EXLOGLQJ UHJXODWLRQV G\WBWXZLGHHEPEUJI\ HII
WKHUHIRUH DQWLFLSDWHYRXKHD 8H ROSRR VPISDFKAD R QHHP SOR\P H
EXLOGLQJ LQVSHFWRUVURWRW KHF R BDREXH\RL QUKHQHUJ\ HITLFLHC

7DEOH (PSOR\PHQW LQ &DOLIRUQLD 6WDWH DQG *RYHUQPHQW
 QVSHFWRUV

6HFWRU *RYV (VWDEOLVI (PSOR\PIF $QQXDO 3|
PLOOLF

$GPLQLVWUDW 6WD
+RXVLQJ 3URJ /RED

6 WD

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



BUEDQ DQG 5X /RFD
'"HYHORSPHQW

6RXUFBWDWH RI &DOLIRUQLD (PSOR\PHQW 'HYHORSPHQW 'HSDUWPHQW Q

D $GPLQLVWUDWLRQ RI +RXVLQJ 3URJUDPV 1%,&6 FRPSULVHV JRYH
SULPDULO\ HQJDJHG LQ WKH DGPLQLVWUDWLRQ DQG SODQQLQJ RI KRX
DQG VWDQGDUGY KRXVLQJ DXWKRULWLHV G @HXRERSQ@HGWRJIUDPV S

E SB8UEDQ DQG 5XUDO '"HYHORSPHQW $GPLQLVWUDWLRQ 1%,&6 FRPS!
HVWDEOLVKPHQWY SULPDULO\ HQJDJHG LQ WKH DGPLQLVWUDWLRQ DQ
DQG UXUDO DUHDV ,QFOXGHG LQ WKLV RQG&EVWWQGDBRPPRYNUROMQW ]
,PSDFW RQ 6WDWHZLGH (PSOR\PHQW

$V GHVFULEHG LQ SHEWRDRIEZW KH 6 WDWHZLGH &$6( 7THDP GRH\
DQWLFLSDWH VLJQLILFDQW HPSOR\PHQW RU ILQDQFLDO LPSD
&DOLIRUQLD HFRQRP\ 7KLV LV QRW W RZRIX\QW WD KIRYGHH S UR S F

LPSDFWV RQ HPSOR\PHQW LQ &DWKHR&WPD W H AL 6 HF&$I6R JHD P

HVWLPDWHKHWSKIDRE RV HR ¥FBO & FMW VWDWHZLGH HPSOR\PHQW D

RXWSXW GLUHFWO\ DQG LQGLUHFWO\ WKURXJK LWV LPSDFW |

FRQVXOWDQWY DQG EXLOGLQWHRWIIBPREIWVD H,QJD 8D Y WQRQ

DVVRFLDWHG ZLW K KRDKHUERRDRMHBQG VHUYLFH ZDWHU KHDWI

HIFLHQ@RX0OG OHDG WR PRGHVW RQJRLQJ ILQDQFLDO VDYLQJV

ZRXOG WKHQ EH DYDLODEOH IRU RWKHU HFRQRPLF DFWLYLWI

(FRQRPLF ,PSDFWYV

YRU WKH FRGH6FPOHEZMEHHDP XVHG WKH ,03/$1 PRGHO VR
DORQJHARRPLFE LQIRUPDWLRQ IURP SXEOLVKHG VRXUFHV D
GHYHORSHG HVWLPDWHV RI WKH HFRQRPLF LPSDFWV DVVRFL
FKDQJIHRLOH WKLV LV WKH ILUVW 6W 0 W HBXEREHH D@ GKILYHKOW B M

HVWLPDWR@RPILARLPSDFWYV XVLQJ ,03/$1 LW LV LPSRUWDQW V
LPSDFWV GHYHORSHG IRU WKLY UHSRUW DUH RQO\ HVWLPDW
VRPH H[WHQW VSHFXODWLYH LQIRUPDWLRQ ,Q DGGLWLRQ W
UHODWLY HO\HWIHRBWHWLHRSUR| WKH &DOLIRUWKE BWR@RLGE G
&$6( 7THDPFFRQILGHQW WKDW GLUHFWLRQ DQG DSSUR[LPDWH P
HFRQRPLF LPSDFWV DUH UHDVRQDEOH LW LV LPSRUWDQW Wi
LV D VLPSOLILHPWDR@MRRHWUDFWLRQV DQG LQWHUDEWLRQV
EXVLQHVVHV DQG RWKHU RUJDQL]DWLRQV DV WKH\ UHVSRQG
FRGHV ,Q DOO DVSHFW RI WKLV HBR®RRUN GO \R QVF RIQK/H &

4 03/$1 ,PSDFW $QDO\VLV IRU 30DQQRYW SXRVWZOGAHOLXVBIG MRS XWWLPDW H
HITHFWV Rl SURSRVHG SROLFLHV DQG SURMHFWV ,03/$1 LV WKH PRVW FR
GXH WR LWV HDVHHRIVXYH CO®W HIf[WHG LQIRIPFEIDVRLRIOORQ RRW SOONH LQIRUP
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DVVXPSWLRQV UHJDHERQRPVKHE @ QMHIONY DVVRFLDWHG ZLWK |
FKDQJH %\ IROORZLQJ WKLV DSSURDFK WKH HFRQRPLF LPSD
ORZHU ERXQG HVWLPDWHY Rl WKH DFWXDO LPSDFWV DVVRFLI
FKDQJH

$GRSWLRIQLR IFR G HS ESRDVIIRX O8VXOW LQ UHODWLYHO\ PRGHVW
LPSDFWV WKURXJK WKH DGGLWKRMMHOL@LW K AW RS FIQGHICDIOEE X
LQGXVDMWIRKLWHEWY HQHUJ\ FRQVXOWDDKWV6\D QW HZXUGH RYE (L
7HDP GRRW DQWLFLSDWMHGKPWFRROHUKNDDO EXLOGLQJ RZQH!
RUJDQL]DWLRQV DIIHFWHG E\ WKH SURSRYR®%OEY¥XAWH 6\FOH
DGGLWLRQDO VSHQGLQJ E\ WKRVH EXVLQHVVHYV

7TDEOH (VWLPDWHG ,PSDFW WKDW $GRI®IWDRYUH RO BURB RN H
RQ WKH &DOLIRUQLD &RPPHUFLDO &RQVWUXFWLRQ 6HFWRU

7\SH Rl (FRQRPLF (PSOR\P} /IDER 7TRWDO 2XW S
,QFRF $GGF

'LUHFW (IITHFWV
VSHQGLQJ E\ &RP
%XLOGHUYV

 QGLUHFW (IIHFW
VSHQGLQJ E\ ILUF
VXSSRUWLQJ &RP
%XLOGHUV

L QGXFHG (IIHFW

E\ HPSOR\HHV RI
H[SHULHQFLQJ 3G
SLQGLUHFW’ HIIHI
7RWDRQRPLFE ,PSI

6RXUFH $QDO\VLV E\ (YHUJUHHQ (FRQRPLFV RI GDWD IURP WKH ,03/%$1 9

7DEOH (VWLPDWHG ,PSDFW WKDW $GRSWLRQ RI WKH 3URSRVH
RQ WKDHOLIRUQLD % XLOGLQJ 'HVLJQHUV DQG (QHUJ\ &RQVXOW

7\SH Rl (FRQRPLF ,PSI (PSOF IDER 7RWDO 2XW S
PHQ ,QFRF $GGF

'LUHFW (IHG@MWLRQDO

E\ % XLOGLQJ '"HVLJQH

&RQVXOWDQWYV

,QGLUHFWSGIGEWLRQDO

E\ ILUPV VXSSRUWLQJ
'"HVLJQHUV (QHUJ\ &I
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,QGXFHG (BIBHWQGLQJ E\
HPSOR\HHV RI ILUPV F
SGLUHFW’™ RU 3LQGLUH
7TRWIEBRQRPLF ,PSDFWYV

6RXUFH $QDO\VLV E\ (YHUJUHHQ (FRQRPLFV RI GDWD IURP WKH ,03/$1 9

7DEOH (VWLPDWHG ,PSDFW WKDW $GRSWLRQ RI WKH 3URSRVH
RQ &DOLIRUQLD, »XSEBPBWR UV

7\SH RI (FRQRPLF ,PSDF (PSO| IDEE 7RWDO 2X W ¢
PHC ,QFR $GGI

'LUHFW (IITHFWV $GGLW

%XLOGLQJ ,QVSHFWRUV

,QGLUHFW (IIHFW $GGL
ILUPV VXSSRUW,LQWIS% KXW

,QGXFHG (IIHFW 6SHQG
HPSOR\HHV RI %XLOGLQ
%XUHDXV DQG '"HSDUWP

7TRWDO (FRQRPLF ,PSDF
6RXUFH $QDO\VLV E\ (YHUJUHHQ (FRQRPLFV RI GDWD IURP WKH ,03/$1 9

&UHDWLRQ RU (OLPLQDWLRQ RI -REV

7KH 6WDWHZLGH &$60Q RWDPQMRHREG®M A KUBQIRBRINRHIGW K H

FRGH FZRX®EDG WR WKH FUMBWUR@RY QHZWKH HOLPLQDW
HILVWM\SGHV RI MREV ,Q RWKHU ZRUGV WKH 6WDWHZLGH &%$6(
ZRXQBW UHVXOW LQ HFRQRPLF GLVUXSWLRQ WR DQ\ VHFWRU
WKH HVWLPDWHY Rl HFRQRPLF LPSDRRYXGENGEXWR HPR G & \6W FW
FKDQJHV LQ HPSOR\PHQW RI H[LVWLQJ MREV

&UHDWLRQ RU (OLPLQDWLRQ RI %XVLQHVVHV LQ &DOLIRU

$V VWDWHG LQ 6HFWLRQ MIKPHT 6 VBI\R 8 R V&R Q@07 H
UHVXOW LQ HFRQRPLF GLVUXSWLRQ WR DQ\ VHFWRU RI WKH ¢
FKDQJH UHSUHVHQWYV D PRGHY WHDKDIQIH DMRG VHUYLFH ZDWH L
VI\VWHKLRZRXQBW H[FHVVLYHO\ EXU®KBIW Y DFRW B BIRV B OY HR U G
EXVLQHNMYRIRXQOW QHFHVVDULO\ OHDG WR D FRPSHWLWLYH DC
EXVLQHVVHV TAKKHBWIMHZLGH &$QRMWHDPUBRHKM DQ\ QHZ
EXVLQHVVHRMUEBDWHIGLRUQDWHG GXH W R GRHK Bl Q& BARFS RAKHHG
&DOLIRUQLD (QHUJ\ &RGH

&RPSHWLWLYH $GYDQWDJHVY RU 'LVDGYDQWDJHV IRU %XV

7TKHFRGH FKDMXKIHWWDWHZLGH &%$6( 7HDP LV SURSRVLQJ IRU WK
ZRXOG DSSO\ WR DOO EXVLQHVVHYV LQFRUSRWKXWMHGNVNIKMH &DOLI
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EXVLQHVV LV ORFDWHG LQVLE KR UH RMKH. G W IRW MZKLHG M V&3 B/(H7
GRHQRW DQWLFLSDWH WKDW WKHVH PHIRGH RUHSHRORMHR® | R L
ZRX®BYH DQ DGYHUVH HIIHFW RQ WKH FRPSHWLWLYHQHVV RI
IJLNHZLVH ZH GR QRW DQWLFLSDWH EXVLQHVVHVY ORFDWHG R
DGYDQWDJHG RU GLVDGYDQWDJHG

,QFUHDVH RU '"HFUHDVH RI ,QYHVWPHQWY LQ WKH 6WDWH

7KH 6WDWHZLGH R OAHD® QDWLRQDO GDWD RQ FRUSRUDWH
LQYHVWPHQW E\ EXVLQHVVHV WKDW H[SDQG D ILUPYV FDSLWI
GRPHVWLF LQYHVWPH/QDE RYKIRBZ\HWZHHQDQG 13", \D

D SHUFHQWDJH RI FRUSRUDWH SURILWY UDQJHG IURP WR
SHUFHQW :KLOH RQO\ DQ DSSUR[LPDWLRQ RI WKH SURSRUWL
FDSLWDO LQYHVWPHQW ZH EHOLHYH LW SURYLBBWD UHDVRC
SURSULHWRU LQFRPH WKDW ZRXOG EH UHLQYHVWHG E\ EXVL(
FDSLWDO VWREFEN

7TDEOH1IHW '"'RPHYWLYDQWHHVWPHQW DQG &RUSRUDWH 3URILWYV

<HDU 1HW 'RPHVWLF &RUSRUDWF 5DWLR RI 1HV
,QYHVWP HQXW EQ H $IWHU 71 , QYHVWPI
%LOOLRQV F %LOOLRQV F &RUSRUDWF

<HDU $YH
BRXUFHMGHUDO 5HVHUYH (FRQRPLF 'DWD Q G

7KH 6 WDWHZLGH &%$6( 7THDP GRHVY QRW DQWLFLSDWH WKDW W
ZLWKSWRIBRVHG PZARDMXEUPHG WR VEBKQRQIHFDOAWUHDVH RU GHFUH
LQYHVWPHQW LQ DQ\ GLUHFWO\ RU LQGLUHFWO\ DIITHFWHG VF
IHYHHWHKYVYV WKH 6WDWHZLGH &%$6( 7HDP LV DEOH WR GHULYH

5*RY &RGH ft71 F & D &&5 ¥ D &RPSHWLWLYH DGY
GLVDGYDQWDOHVRAERYULEHVVHYV FXUUHQWO\ GRLQJ EXVLQHVV LQ WKH VWDV

6§ 1THW SULYDWH GRPHNWEKFH MORW D QL RHPEW QV\@HRODS L WIDBXEL @IKVV VHFWRU WK
LV XVHG WR H[SDQG WHKBVRISUWXD YWREQWDLQ RU U&RSODEBDHEM SUR IG M/S
WKH PRQBYVENRNY S R UTDNYRWY H[SHQVHYV
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FKDQJH LQ LQYHVWPHQW E\ &DOLIRUQLD EXVLQHVVHV E\ PXO
' QFRPH HVW L/IDEWHEKIURMIKOHERYH E\ SHUFHQW

(IHIHFWV RQ WKH 6WDWH *HQHUDO )XQG 6WDWH 6SHFLDO
*RYHUQPHQWYV

7KH 6WDWHZLGH &ROWQRWDIP[SHFW WKH SURSRVHG FRGH FKDQ.
PHDVXUDEOH LPSDFW RQ WKH &DOLIRUQLDYV *HQHUDO )XQG
JRYHUQPHQW IXQGV

3.45.1 Cost of Enforcement
Cost to the State

State government already has budget for code development, education, and
compliance enforcement. While state government would be allocating resources to
update the Title 24, Part 6 Standards, including updating education and compliance
materials and responding to questions about the revised requirements, these activities
are already covered by existing state budgets. The costs to state government are
small when compared to the overall costs savings and policy benefits associated with
the code change proposals. This proposal may increase costs to construct state
buildings such as large offices, but as shown in Section 5.2, all submeasures are cost-
effective.

Cost to Local Governments

All revisions to Title 24, Part 6 would result in changes to compliance determinations.
Local governments would need to train building department staff on the revised Title
24, Part 6 Standards. While this re-training is an expense to local governments, it is
not a new cost associated with the 2022 code change cycle. The building code is
updated on a triennial basis, and local governments plan and budget for retraining
every time the code is updated. There are numerous resources available to local
governments to support compliance training that can help mitigate the cost of
retraining, including tools, training and resources provided by the IOU codes and
standards program (such as Energy Code Ace). As noted in Section 2.5 and Appendix
E, the Statewide CASE Team considered how the proposed code change might
impact various market actors involved in the compliance and enforcement process and
aimed to minimize negative impacts on local governments.

,PSDFWV RQ 6SHFLILF SHUVRQV

KLOH WKFHWRENH | DQQW RWWEXKIHGH &$6( 7HDIP W B URESRPRVOH HQH
HIITLFLHQF\ ZH UHFRJQWKH V¥ RDWH QWKIHIJAH WK DW D SURSRVHG X
FRGH F\FOH PD\ UHVXOW LQ XQ LAKW HQ\GCH/EHEZR Q W H&IHPBH YFHHDWP G |
QRW EHOLERKXEGWK QUBDWLYH LPSDFWV WRZDUGV RQH DQ\ VSH
UHVXOW RI WKLV FRGH FKDQJH SURSRVDO
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(QHUJ\ 6DYLQJV

H\ $VVXPSWLRQV IRU (QHUJ\ 6DYLQJV $QDO\VLYV

$V Rl WKH 'UDIW &$6( 5SHSRUWTV GDWH RI SXEOLFDWLRQ WKF
UHOHDVH®DXKH 7'9 IDFWRUV WKDW DUH XVHG WR HYDOXDW
FRVW HIIHFWLYHQHVV 7KH HQHUJ\ DQG FRVW DQDO\VLV SUH\
IDEFEWRUV WKDW DUH FRQVLVWHQW ZLWK WKH 7'9 IDFWRUV SU
&RPPLVVLRQYV ODUERUNVKRS RQ FRPSO&DQIEIR PG MDI LG MUJI\
&RPPLVVLRQ 7KH HOHFWULFLW\ 7'9 IDFWRUV LQFOXGH WKH
WKH QDWXUDO JDV 7'9 IDFWRUV LQFOXGH WKH @QBSQBEW LRV H H\
7KH HOHFWULFLW)\ 7'9 IDFWRUV XVHG LQ WKH HQHUJ\ VDYLQJ
IURP (QHUJ\ DQG (QYLURQPHQWDONKHROROWUDFRRU WKDW LV
W K H 7'9 IDFWRUV IRU WKH (LQH D JV SURHPIPGS/ K HRHYF W/ MFOH' 9 V
SFW 5HWDLO $GM 6FDOHG E\ $YRLGHG &RVWYV [OV[ 7K
XVHG LQ WKH HQHUJ\ VDYLQJV DQDO\WVHV ZHUH REWDLQHG YL
WLWOHG 3 B7'9B3ROLF\B&RPSOLDQWB&+ /HDNBHODWSWOS$GG
HOHFWULFLW\ GHPDQG IDFWRUV XVHG LQ WKH HQHUJ\ VDYLQ.
IURP ( LQ D VSUHDGVKHHW WLWOHG 3 7KHM9(QHPWDIQG )DFWRU\
&RPPLVVLRQ QRWLIL HS&$ &\ KHDPWRQVHI UGB \ ZHUKDW WKH
LQYHVWLYDWEKBU UHIL7QH PHHIROMRW W KNDIQJREDO ZDUPLQJ SRWH (
*:3 YDOXHV LQVWHDKGDRI WXMDOXHV WKDW ZHUH XVHG WR G
7'9 IDFW,RWYV DQWLFLSDWHD®& W:BDWWD @KHY ZLOO LQFUHDVH WK
VOLJKSVWOD UHVXOW WKH 7'9 HQHUJ\ VDYLQJV SUHVHQWHG LQ
YDOXHV WKDW DUH H[SHFWHGHD WK:I3 MDYDXHY'IDXQMHWKH SURS
FRGH FKDQJHV ZLOO EH PRUH FRVW HIIHFAMULMH RYLQIWKH UF
SUHVHQWHGDIQ®E WRHHPYRW DIIHFRUWHG HERDYQG IDEFWRUYV

'KHQ WKH (QHUJ\ &RPPLVVLRQ UHOHDVHV WKH ILQDO 7'9 IDFW
7HDP ZLOO FRQVLGHH WDIOK QW H CH VRRUU H V Bl YIIHFIVL ¥ 8 G HHRW W
DQDO\WVHV XVLQJ WKH IRQ D/OKH U HDFAVORWUWW WKDW ZLOO EH SUH\
&$6( SHSRUW

7KH (QHUJ\ &RPPLVVLRQ LV GHYHORSLQJ D VRXUFH HQHUJ\ PI
('5 IRU WKH FRGH F\FOH $V RI WKH GDWH WKLV 'UDIW &
WKH VRXUFH HQAWKIDWRWW EHHQ ILQDOL]J]HG DQG WKH (QHUJ\
SURYLGHG JXLGDQFH RQ DQDO\VWHV WKH\ ZRXOG OLNH WR VHI
FRGH FKDQJHV UHODWLYH WR WKH VRXUFH HQHUJ\ PHWULF =
&RPPLVVLRQ WKHHYHPOWMS® D\ LQFOXGH DQDO\WVHV RQ WKH
PHWULF

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7KH 6WDWHZLGH &%$6( 7THDP XVHG (QHUJ\30XV WR FRQGXFW W
FKDQJH SUR®RMWIOYRGHOV DUH WRNWHHIL IRBRLD % XLOGLQJ (
&RGH &RPSOLDQFH &% (&& VRIWZDUH IRU FRRPHUFLDO EXLO
SURWRW\SLFDO EXLOGLQJ PRGHOV DQG DUH PRGLILHG WR LQ
HQHUJ\ VWDQGDUGYV

*DV %RLOHU 6\VWHPYV

7KH HQHUJ\ VDYLGRP DRHIW R HV 5V RSRN\HFUW B WXLYUHR P H Q W
SHUFW@&WUPDO HIDMNFR HQHU V\VWHPWUWRWHKHLFLHQF\ UHTXLUF
SHUFBQ®W RWKHU FRPSRQHQWYV RI WKH H[LVWIQDERRGQWLRQ
FRPSDQ@MWNK WKH FDLWMD H 6 W DEPG(B.&ERY DVVXPHV WKDW WKH
ERLOHU WKHUPDO HIILFLHQF\ LV VRREG\UDWAFFMBMRQ Rl ERLC
GHILQNGAEKRH BBISDFLW\ DW SDUW ORDG FRQGLWLRQV GLYLGHC
GHVLJQ FRQBHWAIRI@PWAW ERUIRUPDQFH FXUYH LVERLHOGHWR G}t
IXHO FRQVXPSWLRQ DWKDWLR®® BDIBKFARH I | L&E L ROMQ/G

& IRU 6WDQGDUG "FDUBIQV BRIKDEM $SSHQG L[

Ze" e <Snee’ <EZ<" 1 'qE E * %ok "HpFogH|x~E oyH|x~Y

(TXDWLRQ

/5 3DOMDG UDWLR

6HUYLFH :DWHU +HDWLQJ

7KH VXEPHDVXUH ZDV HYDOXDWHG XVLQJ WKH VDPH PHWKRG]|
ERLOHU V\VWHP VXEPHDVXUH 7KH HGHWRSRSMNEVFIN. F\WPSB UH
UHTXLURPHQMHUFHQW WKHUPDO HIILFLHQF\ FXUYHPMZDWHU
UHTXLURPH®MUFHQW WKHUPDO HIILFLHQF\ IRU FRPPHUFLDO Z
FRPSRQHQWY Rl WKH H[LVWLQJ FRQGLWLRQV DUH DVVXPHG W
7LWOH 3DUW DQG WKH PLQLPXP DSSTKHDOEG@LPNXPFLHQF\ V
DSSOLDQFH HIILFLHIXFN GWBMIGEH GO UMIIDBDM URIGOLFDWHG

XQG&DOLIRUQLDYTV $SSOLDQFH (IILFLHQF\ 5HIJXODWLRQV 7LW

&RPPHUFLDO 2[\JHQ &RQFHQWUDWLRQ

7TDEOHOLVWY WKH ERLOHU FRPEXVWLRQ RIIHFEHQF)IRINM D@/ Y DL
FRPPHUFLDO ERLOHUV D IOXH JDV WHPSHUDWXUWUH PLQXV FRF
ZDV VHOHFWHG IWD ERMWMKCGWHHE63UR®BRVHG RHYULBAIGEDFN DQG
FRPPHQWY IURP VWDNHWKEBOGHKIHRIRWOHOFIKFLHQFLHV SHUF

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



SHUFHQW ZHRW WKHGDYQ G GNRGRWIHI@ HVSHFWLYHO\ 7KHVH
HIILFLHQHFILOHWFW WKH FRPEL QWHR& RISRWKBQFDA& HIILFLHQF)\
UHTXLUDPKMXW LQFUHPHQWDO SHUIRURDRGW LLPB URR'MH R B 6 WH L
R[\JHQ FRQFHQWHDWLRIYLQJV ZHUH FDOFX®PWWHG XVLQJ &% (
2IILFH/DUJH DQG 6FKRRO6HFRQGDU\ EXLOGLQJ SURWRW\SH P

7TDEOH &RPEXVWLRQ (IILFLHQF\ 7DEOH IRU 1DWXUDO *DV

([FHVSHUFHQ &RPEXVWLRQ (IILFLHQF\

JOXH *DV 7THPSHUDWXUH OLQXV &F
7HPSHUDWXUH f)

$L| 2[\VIH(

6RXUF&DPSEGHDMH\ Q G

3URFHVV 2[\JHQ &RQFHQWUDWLRQ

(QHUJ\ VDYLQJV FDOFXODWLRQV IRU WKH 3URFHVV %RLO|
PHDVXUH ZHUH SHUIRUPHG XVLQJ D VSUHDGVKHHW DQDO
DQG DVVXPSWLRQV DUH GHVFUIZEMX INH6BFWXRWLRQV
SUHVHQWHBQION (QHUJ\ ,PSDFWAWRBRAWXUVRWNIHQ
&RQFHQWUDWLRQ
7DEOH%RLOHU HIILFLHQF\ DQG WKH LPSDFWLRRQUMHGBKFHG R[\JI
LPSDFWHG E\ WKH WHPSHUDWXUH GLIIHUHQFH EHWZHHQ WKH
FRPEXVWLRQ DLU )RU SURFHVV ERLOHUV D WHPSHUDWXUH ¢
FRPEXVWLRQ DLU RI  f) ZDV VHOHFWHG IRU ERWRKMKH EDVF
KLIJKHU WHPSHUDWXUH GLIIHUHQWLDO IRU SURFHVYVY ERLOHU\
UHIOHFWV WKH WHPSHUDWXUHV DW ZKLFK WKHVH ERLOHUV D
VXPPDUL]HV WKH LPSDFWV Rl IOXH JDV WHPSHUDWXUH DQG R
FRPEXR®W HIILFRPERVWLRQ HIILFEHQFEMWVHOHFWHG IRU WKH
EDVHOLQH 7KLV OHYHO UHIOHFWV WKH HIILFLHQF\ RI D PLQL
SHUFHQW R[\JHQ FRROF MAWMUIDURISRY HG 'HVLIJQ WKH FRPEXVWI
PLOQPDOO\ FRPSOLDQW ERLOHU LQFUHDVHV WR SHUFHQW Z
SHUFHQW H[FH VYV FD OJFXQZ DWW HRRXD G X FOW 8@ MY K ERLOHU
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(QHUJ\ 6DYLQJY OHWKRGRORJ\ SHU BURWRW\SLFD!

7KH (QHUJ\ &RPPLVVLRQ GZUGIHFVEHE( WKHEPSWBWHRGHO WKH HQ
LPSDFWV XVLQJ VSHFLILF SURWRW\SLFDO EXLOGLQJ PRGHOV
JHRPHWULHV IRU GLIIHUHQW W\SHV Rl EXLOGLQJV 7KH SURW
&$6( 7THDP XVHG LQ WKH DQDO\VDLEOMHI B EOUHNYF@EEB LQ

7KH 6 WDWHZLGH &%$6( 7HDP HVWLPDWHG HQHUJ\ DQG GHPDQG
SURSRVEEG FRDQJH XVLQJ WKH S5HVHDU&RPIHUVLRQ RI &% (¢

&% (&&RPIHQHUDWHY WZR PRGHOV EDVHG RQ XVHILQBXIXWY V
3URSRVHG 'HVLJQ 7KH 6WDQGDW&H HWIRIFH WHIS IRH WHIQHW 8 H V L J ¢
EXLOGHU ZRXOG OLWHUMR DXGBG.QBG YAW Rl IHDWXUHV WKD'
EXGJHW WIKOW RRPSOLDQW ZLW®H 3DUW FRGH UHTXLUHPF
YHDWXUHV XVEH\GED Q@ DMKGD'BBH DULEHG LQRWKMHVLGEQWLDO
SHIHUHQFH OBEXIWRSRVHGUHSUHKH YWRHWIHRPHWU\ DV WKH
BWDQGDUG 'HVLJQ EXW LW DVVXPHV WKH HQHI3HVAMDEWKUHYV
ZLWKHU LQRXGHWYHORS VDYLQJV HVWLPDWHY IRU WKH SURSR
BWDWHZLGH &$6( 7THDP FUHDWHG DURSBBRYEBOBUBVHMLJIQ W 88FX
SURWRW\SLFDO EXLOGLQJ

&% (& &RPFDOFXODWEXLDIGRQH HQHUJ\ FRQVXPSWLRQ IRU HYHL
PHDVXUHG LKRXORZHUWHDU N:K \U DQG WKHUPV SHU \HDU
DSSOLHV WKH 7'9 IDFVDROWWK VAR HFQBEX\OOWHHLQ NLOR %ULW
SHU \HDU 7'9 N%WX \U DQG DQQXDO SHDN HOHFWULFLW\ GHI
&% (&&RP DOVR JHQHUDWHYV 7'9 HQHUJ\ FRVW VDYLQJV YDOXH
DQG QRPLQDO GROODUV

6DYLQJV IRU EPKDNRXXWHNXYDW\P D WHRVKGHEWDWHZLGH &%$6(
FDOFXODWHG HQHUJ\ VDYLQJV LQ HDFK RI WKH &DOLIRUQLI
FOLPDSHFLIZ2ADFWRUV ZKHQ7FOBEXODWRLQG HQHUJ\IRRVW LPS
HYHU\ VXEPHDVXUH

3HMQLW HQHUJ\ LPSDFWV IRU QRQUHVLGHQWLDO EXLOGLQJV
IRRW $QQXDO HQHUJ\ DQG SHDN GHPDQG LPSDFWV IRU HDFK
WUDQVODWHG LQWR LPSDFWV SHU VTXWDH RR RMK HE\S G R YWRGW. (B
EXLOGLQJ 7KLV VWHS DOORZV IRU DQ HDVLHU FRPSDULVRQ F
W\SHVY DQG HQDEOHV D FDOFXODWLRQ RI VWDWHZLGH VDYLQ.
WKDW LV SXEOLVKHG LQ WHUPV RI IORRU DUHD E\ EXLOGLQJ

&%&&5HYV ZDV XVHG WR PRGHO +LJK 5LVH OL[HG 8VH SURWRW)
ERLOHU V\VWHP DQG JDV VHUYLFH 2BW& UW HDRWUQ\J L\PXSEDFFH\DW
PXOWLIDPLO\ EXLOGLQJY DUH SUHVHQWHG LQ VDYLQJV SHU C
SHDN GHEP®WBFWY IRU HDFK SURWRW\SH EXLOGLQJ ZHUH WUD
GZHOOLQJ XQLW E\ GLYLGLQJ E\ WKH QXPEHU RI GZHOOLQJ X
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VWHS HQDEOHV D FDOFXODWLRQ RI VWDWHZLGH VDYLQJV XVlI
SXEOGVIKH WHUPV RI QXPEHU RI PXOWLIDPLO\ GZHOOLQJ XQLYV

*DV %RLOHU 6\VWHPYV

%HFDXVH WKH VXEPHDVXUH SURSRVHV WR LQFUHDVH WKH PL
FDSDEIRLOHU V\YWBPH¥WX WR D ZHM/IKKWPABO HIILFLHQM R S

(W WKH HQHUJ\ PRGHOLQJ LV RQO\ FRQGXFWHG IRU WKH
ZLWK WKH WRWDO ERLOHU FOsIKRIRN\ WKW SHUIHRWRW\SH EXLOG
PRGHOLQJ ZDV FRQGXFWHG IRU WKRVH EXLOGLQJ W\SHV WKD
VXEVMUHAWMLHYH WKH FDSDFLW\ WKUHVKROGY :KLOH RQO\ WKH /
FDSDFLW\ DERYH WKH WKUHVKROG IRU RWKHU SURWRW\SH E
WKUHVKROGYVY WKH HQHUJ\ VDYLQJV SHU VTXDUH IRRW RU XQ
VLIH HOFWKHUHIRUH BWHKQHRARYWDWLRYV IRU SURWRW\SH EXLO
EH FRQVLMWH@WKRXJK WKH PRGHOLQJ ZDVESORIR WHKHHGVR {H S L
FDSDFLW\ WEKRMWIWKRFONWA YHQHVY IRU ODUJHU EXLOGLQJV PD\ E
RQHWBXH WR LQFUHDVHG VDYLQJV IRU7TWKHM}IHODWVBYLKQAM U L\
WKLV VXEPHDUEBANWOLPDWWRRPHDFWY ZHUH VLPXODWHG LQ D
FOLPDWH JRQHV

7TDEOH 3URWRW\SH %XLOGLQJV '#HWwHh® GRRRYMUID QG (QYLURQP
,PSDFWV $QDO\VLYV

SURWRWDEH 1XPEI )ORRU 'HVFULSWLRQ

R VTXL

6WRL |HH
+LJK5LVHOL VWRWWRU\ UHV L L\GMRWML D (
FRPPHUFLDXQLW EXLOGLQJ
XQLW VLIH&HQWWDO JDV VW
+RWHOG6PDO VWRU\ +RWHO ZLWK JXH'
2II1LFH/DUJH VWRU\ EDVHPHQW RIILF
JRQHV DQG D FHLOLQJ SOHC

'LQGRZ :DOO 5DWLR ::5

21 ILFHOHGL> VWRU\ RIILFH EXLOGLQJ ZlI
FHLOLQJ SOHQXP RQ HDFK |
21ILFHOHGL> VWRU\ RIILFH EXLOGLQJ ZlI
FHLOLQJ SOHQXP RQ HDFK |
6FKRROG6HFF +LJK VFKRRO ZLWK D ®GR655

6LQFH &%XRRB GRHV QRW \HW VXSSRUW DOO FRQILIXUDWLRQV
PHDVXUH ZDV PRGHOHG E\ PRGLI\LQJ WKH EDVHOLQH (QHUJ\3
&% (&&RP DQG UXQQLQJ WKH PRGLILHG LQSXW ILOH LQ (QHUJ
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7KHUHQLM[DVWLQJ 7LWOH 3DUW UHTXLUHPHQW WKDW FRY
TXHVWLRQ DQG DSSOLHV WR ERWK QHZ FRQVWUXFWLRQ DQG
LV PLQLPDOO\ FRPSOLDQW Z3DVKMNTKH. U H P BIOMRMH X7TDEDW H G

LOBHFWLRQ WKDW FRPSOLHV ZLWK WKH PRVW UHFHQ
PDQGDWRU\ UHTXVSBIPH CWR Y GFRIKLB@H@W WKH PLQLPXP WKHL
HIILFLHQF\ $WUEMQWDOO JDV ERLOHUV ZLWK FDSDFLWLHV EH
00%WX K WWR BXMUQUHRW VWDQGDUGYV

7KH 3URSRVHG 'HVLJQ ZDV LGHQWLFDO WR WKH 6WDQGDUG '}
UHYLVLRQV WKDW UHSUHVHQW WKH BRGHSVYHGE HHEW § JISHVHWIRV ¥
ZKLFK SDUDPHWHUYV ZHUH PRGLILHG DQG ZKDW YDOXHV ZHUH
DQG 3URSRVHG '"HVLJQ 6SHFLILFDOO\ WKH SHURFEHRMWGE FRQGL
HITLFLHRWF DOO WKH FOLPDWH JRQHV

&RPSDULQJ WKH HQHUJ\ LPSDFWV RI WKH 6WDQGDUG 'HVLJQ '
WKH LPSDFWV RI WKH SURSIRWHGHFR &8 HD FRKOOL@MIGHLQB AVKDW LV P
FRPSOLDQW ZLWK WKH 7TLWOH 3DUW UHTXLUHPHQWYV

7TDEOHORGLILFDWLRQV ODGH WR 6WDQGDUG 'HVLJQ LQ (DFK 3
BURSRVHG &RGH &KDQJH

SURWRW\SH &OLP|I 3DUDPHWHU 6WDQGL 3URSRV|

=RQF} '"HVLJQ '"HVLJQ
SDUDPH\ 3DUDPH)
9DOXH 9DOXH

BHUFHC  3HUFHC
+LJK5LVHOL] $00 1RPLQDO 7K
(IILFLHQF\

+RWHOG6PDO $00 1RPLQDO 7K
(IMTLFLHQF\

2I1ILFH/DUJH $00 1RPLQDO 7K
(IMTLFLHQF\

2ITLFHOHGLX $00 1RPLQDO 7K
(ITLFLHQF\

2ITLFHOHGLX $00 1RPLQDO 7K
(I1MTLFLHQF\

6FKRROG6HFF $00 1RPLQDO 7K
(IMTLFLHQF\

*DV 6HUYLFH :DWHU +HDWLQJ

%HFDXVH WKH VXEPHDVXUH SURSRVHV WR LQFUHDVH WKH PL
VHUYLFH ZDWHKHWHIHVOH URCYSNKVR D ZHMWKMWWHED O HIILFLHQFN\ |
SHUFHQW (W  WKH HQHQUWHEBEEKEWHGLMRU WKH SURWRW\S
PRGHOV ZLWK WKH WRWDO RIDW KW MO MLIAHK RFIDISPH SWR W R W\ S
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WKH RQO\ RQH WKDW FDQ PHHW WKW FW & B BLSW RIVMR WL S FEKQ ¢
PRGHOLQJ ZDV FRW @XRWHGEXLOGLQJ W\SHV WKDW DUH H[SHF
VXEVHW DFKLHYH WKH FDEBIRHW WKDHVEKROSNU VTXDUH IRRYV
DVVXPHG WR VEFDOH DV EXLOGLQJ VL]H LQFUHDVHV %HFDXVH
D SHU 0OEWX K EBRVBVOY/WRBOH DV VL]H LQFUHDVHVEH®HIWLMWR UH
UDWLRY IRU SURWRW\SH EXLOGLQJV BDYHQDWXRRKHIG WHRHEMRGR
ZDV SHUIRUPHG R @ HURIVRWBSYIMHW\ W K U HHV KFRFONGL Y&RMAW VIR L
ODUJHU EXLEGLOUNDPADHU WKDQ VPDOOHU RQHV GXH WR LQF!
ODUJHU HQHUKRHXVHHUWI\ VDYLQJIV IURPYW KEW\WEEPBID WXRIQH V

7TDEOH 3URWRW\SH %XLOGLQJYVY 8VHG IRU (QHUJ\ '"HPDQG &RV
,PSDFWV $QDO\VLYV

SURWRWDEH 1XPEI )ORRU 'HVFULSWLRQ
RI 6WR VTXDUH

+LJK5LVHOL VWRWWRU\ UHV L\GMHRW
FRPPHUFLDXQLW EX{AMAGL
GZHOOLQJ XQLW VL]H
VWRUDJH '+:

$SDUWPHQW VWRU\ DSDUWPHQW E>

5LVH EDVHPHQW DQG HOHYDW
UHVLGHQWLDO XQLWV D
VSDFHV LQFOXGLQJ ORE
PXOWLSXUSRVH URRP H
ODXQGU\ DQG VWRUDJH

6FKRROFRQC +LJK VFKRRO ZLWK ::5 R
655
6PDOO +RWI VWRU\ +RWHO ZLWK

5
6LQFH &SRB GRHV QRW \HW VXSSRUW DOO FRQILJXUDWLRQV

WKLYV PHDVXUH ZDV PRGHOHG E\ PRGLI\LQJ WKH EDVHOLQH (C
&% (&&RP DQG UXQQLQJ WKH PRGLILHG LQSXW ILOH LQ (QHUJ'

7TKHUH LV DQ HHLVWIDQW/LWBABTXLUHPHQW WKDW FRYHUV WKH
TXHVWLRQ DQG DSSOLHV WR ERWK QHZ FRQVWUXFWLRQ DQG
LV PLQLPDOO\ FRPSOLDQW ZLWK WKH 7LWOH 3buw UH
6HFWLRQODQGDWHRTXLIUHPHQWY IRU 6HDWLRH sSDWWMHPYV DQG
(TXLSPHQW HTXLSPHQW VKDOO PHHW WKH DSSOLFDEOH UHT)
ZKLFK DUH UHSOLFDWHG LQ WKH $SSOLDQFH (IILFLHQF\ 5HJX
6HFWLRQ RI 7TLWQH/DEGBUWHFWLRQ |l LQ 7LWOH V
PLQLPXP WKHUPDO HHUWFRHR@WODWVJIJH JDV ZDWHU KHDWHUV WK
VWRUDJH ZDWHU KHDWHU ZLWK DQ LQSXW ODUJHU WKDAQ
LOQVWDQWDQHRXY ZDWHU KEBWAMKRERWK DQ % YIXMHO KRXU
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7KH 3BURSRVHG 'HVLJQ ZDV LGHQWLFDO WR WKH 6WDQGDUG '}
UHYLVLRQV WKDW UHSUHVHQW WKH BERGHSVYHGE HEW § JSHIVHWIRV Y
ZKLFK SDUDPHWHUYV ZHUH PRGLILHG DQG ZKDW YDOXHV ZHUH
DQG 3URSRVHG 'HVLJQ 6SHFLILFDOO\ WKH SHURFFHIMWGUFR QG L
KHDWHU HIILFLHQF\ IRU DOO FOLPDWH JRQHV

&RPSDULQIHWEKHLRQDFWY RI WKH 6WDQGDUG '"HVLIJQ WR WKH
WKH LPSDFWV RI WKH SURSRVHG FRGHNVKIKOMN 1IN B HQIDRADLOYGI\ W F
FRPSOLDQW ZLWK WKH 7TLWOH 3DUW UHTXLUHPHQWYV

7TDEOHORGLILFDWLRQV 0ODGH WR 6WDQGDUG 'HVLJQ LQ (DFK 3
3URSRVHG &RGH &KDQJH

SURWRW\SH &OLP| 3DUDPHWHL 6WDQG 3URSR\
=RQt 'HVLJQ 'HVLJC

3DUDPH 3DUDPF

9DOXFE 9DOXI

SHUFH  3HUFH
+LJK5LVHOL[ $00 1RPLQEBIUP
(IILFLHQF\

$SDUWPHQW $00 1RPLQDO 7K
SLVH (ITLFLHQF\

6HFRQGDU\ $00 1RPLQDO 7K
(ITLFLHQF\

6PDOO +RWF $00 1RPLQDO 7K
(IMTLFLHQF\

&% (& &RPFDOFXODWEXLDIGRQH HQHUJ\ FRQVXPSWLRQ IRU HYHL
PHDVXUHG LKRXORZHUWHDU N:K \U DQG WKHUPV SHU \HDU
DSSOLHV WKH 7'9 IDFWRUV WR FDOFXODWH DQQXDO HQHU
SHU \HDY N%WX \U DQG DQQXDO SHDN HOHFWULFLW\ GHPDQG
&% (&&RP DOVR JHQHUDWHYV 7'9 HQHUJ\ FRVW VDYLQJV YDOXH
DQG QRPLQDO GROODUV

&RPPHUFLDO 2[\JHQ &RQFHQWUDWLRQ

7KH VXEPHDVXUH SURSRVHV WKIIWQFHRZPPRIQVFWDX FERILRG ZV W K
FDSDFLW\ Rl 00%WX K DQG JUHDWMHW R/[KIHQD FRRIDLRHQMLDD WM. R
OHVV WKDQ RU HTXDO WR SHUFHQW )RU FRPPHUFLDO ERLO
FRQGXFWHG IRU WKH (QHUJ\ &RPPLVGHOY SOFWRELHH ©RUC B
1RQH Rl WKH EXLOGLQJ SURWRW\SH PRGHOV PHHW WKH FDSD
HQHUJ\ VDYLQJV DUH SUHVHQWHG RQ D SHU VTXDUH IRRW RU
DVVXPHG WR VFDOH DV EXLOGLQJ VL]HWW ABHDVKIMW VKIE RIQFV
LV DVVXPHG WR EH IL[HG DQG GRHV QRW LQFUHDVH IRU ODUJ
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HITHFWLYHQHVV IRU ODUJHU EXLOGLQJY ZRXOG EH JUHDWHU
vVDYLQJV IRU WKHVH ODUJHU HQHUJNURPHHWKLYKWHXERHDVYVX VB YY
E\ FOLPDWH J]RQHYV

7TDEOH3URWRW\SH %XLOGLQJYVY 8VHG IRU (QHUJ\ '"HPDQG &RV
,PSDFWV $QRIO&RIPPHUFLDO %RLOHUV

SURWRW 1XPEH JORRU { '"HVFULSWLRQ

10PH RI 6WR| VTXDUH

IDUJH 211 VWRU\ E DRV/IH IPHH W X L ¢
ZLWK JRQHV DQG D FHLC
HDFK IORRU ::5

6FKRRO +LJK VFKRRO ZLWK ::5 RI

6HFRQGD

6LQFH &%RRBR GRHV QRW \HW VXSSQYWRNOKL FIR ®lILUKUDGALRER L
LQFOXGLQJ R[\JHQ FRPEXVW\RIQV FRHOAHQHUDIWLRREHOHG E\ F
WKH EDVHOLQH (QHUJ\30XV LQSXWRPOB QG QXQODWE & \E K I8 % (R
LQSXW ILOH LQ (QHUJ\30XV

7KH 3URSRVHG '"HVLIJQWPD WK 8 HQWDIQGFR®IU G '"HVLIQ LQ DOO ZD\\
UHYLVLRQV WKDW UHSUHVHQW WKH SURSRVHG FKDQJHV WR V

7DEOHSUHVHQWY SUHFLVHO\ ZKLFK SDUDPHWHUV ZHUH PRGLI
XVHG LQ WKH 6WDQGDUG 'HVLJQ DQG 3URSRVHG 'HVLJQ 6SHF
FRQGLWLRQV UHIOHFW LPSURYHG QRPLQDO WKHUPDO HIILFLF
FRQWURO BDRIPOURH RI ILYH SHUFHQW WR WKH SURSRVHG GF
JDV WHPSHUDWXUH PLQXV FRPEXVWLRQ DLU WHPSHUDWXUH F
BWDQGDUG DQG 3URSRVHG 'HVLJQ %DVHG RQ IHHGEDFN DQG
RXWUHDFK VOKHIMRHW@PBLHYV SHUFHQW DQG SHUFHQW
BWDQGDUG DQG 3URSRVHG 'HVLJQ UHVSHFWLYHO\ 7KHVH HI
HIILFLHQF\ RI WKH SURSRVHG WKHUPDO HIILFLHQF\ UHTXLUHTF
SHUIRUPDQFH LPSURXYHRHRPWL.QAVKDWHG R[\JHQ FRQFHQWUDW
FDSWXUHV KRZ WKH IOXH JDV WHPSHUDWXUH DQG R[\JHQ FRC
FRPEXVWLRQ HIILFLHQF\

&RPSDULQJ WKH HQHUJ\ LPSDFWV RI WKH 6WDQGDUG 'HVLJQ '
WKH LPSDFWV RHWEKRGHHFE®QIJH UHODWLYH WR D EXLOGLQJ
FRPSOLDQW ZLWK WKH 7TLWOH 3DUW UHTXLUHPHQWYV V
SUDFWLFHV ,Q WKLV FDVH DVVXPSWLRQ RI W\SLFDO VWDFN
FRPPHUFLDO ERLOHHWMWRY SURHFHYYV ERLOHIURXEBWKLY DVVXPS
FRQILUPHG WKURXJK VWDNHKROGHU RXWUHDFK
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7TDEOHORGLILFDWLRQV ODGH WR 6WDQGDUG 'HVLJQ LQ (DFK 3
SURSRVHG &RGH &KDQJH

SURWRW\Y &OLP| 3DUDPHWHU 6WDQGD 3URSRVH
=RQH 'HVLJQ '"HVLJQ

SDUDPHW 3DUDPHW

9DOXH 9DOXH

/IDUJH 211L $00 1RPLQDCPDBOH

(ITLFLHQF\

6HFRQGDY $0Q 1RPLQDO 7KH
211LFH (IILFLHQF\

3URFHVV 2[\JHQ &RQFHQWUDWLRQ

JRU SURFHVV ERLOHUV WKH VXEPHDVXUH ZDV HYDOXDWHG X
DQDO\VLV ZDV GRQH LQGHSHQGHQW RI FOLPDWH JRQHV DV W
SURFHVVHV UDWKHU WKDQ FOLPDWH 7KH IROORZLQJ DVVXPS

X

%RLOHU FDSDFLW\R WIKHQABRPPEHQVWDOOHG SURFHVV ERLO
FDSDFLW\ UDQJH LV EHWZHHQ WR 00%WX K SHU FRPP>
VWDNHKROGHUY 7KH DYHUDJH FDSDFLW\ RI WKH SURFHV

6WDQGDUG 'HVLIJQ WKHUPDO HIILFLHQFALVEWBRGPHGWHRL

SHUFHQW H[FHVV R[\JHQ DQG WKHUPDO HIILFLHQF\ LV
UHODWLRQVKLS EHWZHHQ H[FHVV R[\JHQ DQG FRPEXVWLF
7TDEOH

SURSRVHG 'HVLJQ WKHUPDO HIILFLHQF\ 3URSRVHG 'HVLJ
RU SHUFHQW H[FHVV R[\JHQ DQG WKHUPDO HIILFLHQF\
WKH UHODWLRQVKLS EHWZHHQ H[FHVV R[\JHQ DQG FRPEX
7TDEOH

1HW WHPSHUDWXUH GLIIHUHQFERNH WWHPBN WMHPSJ) D FRQVE
HVWLPDQMHWKH LPSDEFWY RQ FRPEXVWLRQ HIILFLHQF\ ED\
FRQFHQWUDWLRQ LV FDSWXUHG LQ 7DEOH

2SHUDWLRQ KRXUV KUV \HDUKRXIUWOWKLREBHUDWILIRY \HI
7KLY DVVXPSWLRQ LV FRQVHUYDWLYH DV '2( UHSRUWHG \
KRXUV DQQXDOO\ WR VHUYH SURFHVYV ORDGYV

)XHO LV QDWXUDO JDV DW 7T'9N%WX WKHUP 7KLV LV W
KRXUV DPRQJ FOLPDWH JRQHV

<HDU SUHVHQW YDOXH 39 DGMXVWPHQW IDFWRU LV
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7KH DQQXDO HQHUJ\ DQG FRVW VDYLQJV UHDOL]HG E\ LPSOH]|
JLYHQ E\

#JJQZ’HN'YTMi(ﬁ""l:m"<~%0i—¢%d'+§¥<~i§"2'>~TW~

HiUe81"St " Bc<™eed3 7 ¢ “$ X E E*%o*<" %o Y
FU |~Q_QTM(S(TM00§2(~“¢’(GECE°%O‘;(”%OY

(TXDWLRQ

M” "> % %o ™8t gee”e ™
Lm”">3<"<"eY™Mtee’MBP, E1% F|, $Se>™E“®TE %3

(TXDWLRQ

6WDWHZLGH (QHUJ\ 6DYLQJY OHWKRGRORJ\

7KH SHQLW HQHUJ\ LPSDFWV ZHUH H[WUDSRODWHG WR VWDW!
BWDWHZLGH &RQVWUXFWLRQ )RUHFDVWYV SURXQGIHR® GLDVKH (
(QHUJ\ &RPPLVVLRQ %XLOGLQJ 6WIH 6\W D ®W 2l BH K& RQY W U X F W
JRUHFDVWY HVWLPDWH QHZ FRQVWUXFWLRQ WKDW ZLOO RFF.
7LWOH 3DUW UHTXLUHPHQWY DUH LQ HIIMRWDW BDQVR HY
EXLOGLQJ VWRFN LQ WKDW WKH 6WDWHZLGH &$6( 7THDP X\
IURP EXLOGLQJ DOWHUDWLRQV 7KH FRQVWUXFWLRQ IRUHFD\
FRQVWUXFWLRQ DQG H[LVWLQJ EXLOGLQJ VWRFNXEVOBXRAGLC
WA\SHV XVHG LQ WKH FRQVWUXFWLRQ IRUHFDVW %XLOGLQJ 7
SURWRW\SLFDO EXLOGLQJ W¥SRP/ URDURPEQHUX &RRE&EVVLRC
SURYLGHG JXLGDQFH RQ ZKLFK SURWRW\SLFDO EXLOGLQJV W
ZKHQ FDOFXODWLQJ VW DW HDLEGHSHIHMHIQ W R SDEMW S URWRW\SLF
DQG ZHLJKWLQJ IDFWRUV WKDW WKH (QHUJ\ &RPPLVVLRQ UHT
7HDRVH IRU HDFK %XLOGLQJ 7\SH ,' LQ WKH 6WDWHZLGH &RQ
6WDWHZLGH &$6( 7HDP EHOLHYHV WKDW KRVSLWDOV ZRXOG E
ZDWHU KHDWLQJ DQG FRPPHUFLDO R[\JHQ VXEPHDVXUH KRZ
7HDP LV DZPHWERBN IURP WKH (QHUJ\ &RPPLVVLRQ RQ KRZ Et}
HQHUJ\ DQG FRVW VDYLQJV IRU WKLV EXLOGLQJ W\SH

,Q RUGHU WR GHWHUPLQH WKH DSSUR[LPDWH EXLOGLQJ VTXEC
SURSRVDOV WKH 6WDWHZLGH &%$6( 7HDP ILU\DW ® B O VY HEHW K
ZDWHU KHDWLQJ FDSDFLARIPHE XUL® GIKH &ESWRMERWISHY | WKHV
WULJIJHUHG WKH UHVSHFWLYH VXEPHDVXUH WKUHVKROGV DC
RI WKDW EXLOGLQJ W\SH ZDV DVVXPHG WR EM KHASD¥FIWAIGZE G ¥
&$6( 7THDP FDOFXODWHG DQ HQHUJ\ LQWHQVLW\ SHU VTXDUH
DQG GHWHUPLQHG D VTXDUH IRRWDJH WKUHVKROG WKDW ZD\
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7KHQ WKH 6WDWHZLGH &$6( 7THDP DQDO\]HG &RPPFHWERDO % X
6XUYH\ PLFUR JUDLQ GDWD IURP WKH 86 '"HSDUWPHQW RI (QH!
RI VIXDUH IRRWDJH WKDW ZDV LQ EXLOGLQJV PHW WKH FDOF

$SSHQGEYUKBVHQWY DGGLWLRQDO LQIRUPDWLRQ DERXW WKH P
XVHG WR FDOFXODWH VWDWHZLGH HQHUJ\ LPSDFWYV

7TDEOH1IRQUHVLGHRMWIOL®IADJ 7\SHVY DQG $VVRFLDWHG 3URWRW\.

%XLOGLQJ' N\BRP
BWDWHZLGH &RQVWU
YJRUHFDVW

6PDOO 2IILFH
/IDUJH 2I1ILFH
/IDUJH 2I1ILFH
SHVWDXUDQW
SHWDLO
SHWDLO
SHWDLO
SHWDLO
*URFHU\ 6WRUH
IR@GHIULIHUDWHG :D
SHIULJHUDWHG :DUHK
6FKRROV
6FKRROV
&ROOHJIHYV
&ROOHJIHYV
&ROOHJIHYV
&ROOHJIHYV
&ROOHJIHV
&ROOHJIHV
+RVSLWDOV
+RWHO ORWHOV

3HBQLW (QHUJ\ ,PSDFWV 5HVXOWYV

% X L O GURIV R WR\S H
(QHUJ\ ORGHOLQJ

21ILFH6PDOO
21ILFHOHGLXP
21ILFH/DUJH
SHVWDXUDQW)DYV
SHWDLOG6WDQGS$O
SHWDLO/DUJH
SHWDLOBWULSOD!(
SHWDLOOL[HG8VH
*URFHU\
‘DUHKRXVH
SHIULJ:DUHKRXVE
6FKRRO3ULPDU\
6FKRROBHFRQGD!
21ILFH6PDOO
21ILFHOHGLXP
21ILFHOHGLXP/DE
3XEOLF$VVHPEO\
BFKRROBHFRQGD!
$SDUWPHQW+LJK!
+RVSLWDO
+RWHOGBPDOO

'HLIJKWLQJ )

IRU 6 WDV

,PSDFWV $Q

(QHUJ\ VDYLQJV DQG SHDN GHPDQG UHGXFWLRQV SHU VT
LJDEOHNKURZHBQLW (QHUJ\ ,PSDFWARPRWXIGWINO 2[\JHQ

&RQFHQWUDWLRQ

7TDEOHRU WKH ERLOHUV DQG VHUYLFH ZDWHWB IHMDOWLQJ V
(QHUJ\ ,PSDFWVR RPEHWV¥LDO 2[\JHQ &RQFHQWUDWLRQ

7LWOH

IDUME6 ( SHSRUW 15+9%$& ' _



7DEOHDQBDEOHSUHVHQWY VDYLQJV IRU WKH SURSRVHG R]
FRQFHQWUDWLRQ UHTXLUHPHQWYV IRU FRFPPHUIPLDO QHZ |
(QHUJ\ ,PSDFWV+BHNREBWYV 2[\JHQ &RQFHQWUDWLRQ

7DEOHSUHVHQWY VDYLQJV IRU SURFHVV R[\JHQ FRQEQIQWUDW
HQHUJ\ VDYLQJV ILJIXUHV GR QRW DFFRXQW IRU QDWXUDOO\ |
FRPSOLDQFH UDWHV )RU VHUXQEM AW HQ JK/HIRW LGB HSIHUVW \
H[SHBWMWR EH WKHUPV \U )RU BRLIOM WD WL QW\H PR/U S\HKH |
DUH H[SHFWHG WR UDQJH WKRIFURBHBIWNRGLQJ XSRQ FOLPDWH ]I
R[\JHQ WULP FRQWWRMD YUV IRU WKH ILUVW \HDU DUH H[SHF
W R WKHUPBHSHQGLQJ XSRQ BRUPDWH RR QK H
VXEPHDVXUHNURM RRUGHPDQG UHGXFWLR @QAK RW RQFVUXWDN K\R H V
LPSDFW HOHFWULFLW\ XVH

TRIHWKHU WKHVH PHDVXUHY DGGUHVV WKH ODUJWHVW JDV OF
KHDWLQJ IRU WKH ODUJHVW HQHUJ\ XVHUV )XUWKHUPRUH Z
HQHUJ\ VDYLQJV KLJKHURXEGEDSHJHFDUAHDRMQHWU VDYLQJYV 7KH
HVWLPDWHY IRU ERLOHU V\VWHPVY DUH FRQVHUYDWALP'H DV Wk
SHUIRUPDQFH EH\RQG UDWHG ERLOHU SHUIRUPDQFH ZKLOH
UHWXUQ ZDWHU DQG IORZ UDWH UHTXLUHPHQWY WR HQVXUH
PDWFKHV WKH UDWHG HIILFLHQF\

2Q D SHU VTXDUH IRRW EDVLV WK B VIOWHERLDWHHV V \BAWH B L\GXE |
PDUJLQ WKH PRVW HQHUJ\ RXWDRN B ®QHE KXV Y R B BARBH 60H ¥ &
PHWKRGRIORIJN SHU VTXDUH IRRW VDYLQJV IRBRWWHHRI[\IJHQ FR
FRPPHUFLDO QHZ PBRQXIWUKFMQW ®SSHDU VLMLODYL QUKH EXON
FRPHV IURP WKH DVVXPSWLRQ WKDW WKH EDVHOLQH ERLOHU
ERLOHU ZLWK ORZHU R[\JHQ FRQFHQWUDWLRQ LV FRQGHQVLC
JRQH VLQFH VSDFH KHDWLQJ ERLOHUV DUH UXQ WLPHV DUH L
WHPSHUDWXUH )RU VHUYLFH ZDWHU KHDWLQJ DVVXPHG LQS
FOLPDWH JRQH ,QLWLDO UHVXOWV VKRZ WKDW VDYLQJV IRU
&OLPDWH =RQH DQG WKH PRVW LQ &0LPDWH =RQH 7KHVE
DFFHBWH LQ WKDW &OLPDWH =RQH LV PDLQO\ KRW GHVHUW
D FROG PRXQWDLQRXV DUHD

7KH SURSRVHG PHDVXUHVY GR QRW KDYH DQ\ H[SHFWHG GHPD
WR WKH OLPLWHG HOHFWULF LPSDFWV DQGVRDWHHHZBIWRE W
KHDWLQJ V\VWHPYVY DUH RSHUDWHG

SHBQLW (QHUJ\ ,PSDFW\DBHAVXKICOMWU 6\VWHPV

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7TDEOH )LUVYWMDU (QHUJ\ ,BBOAWWOWOLQI8QILKV5LVH OL[HG 8VH IRU
*DV %RLOHU &\ WWH&RQVWUXFWLRQ

&OLPL (OHFW L 3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC '"HPDQ 6DYLC 6DYLC
N:KGZHO( 5HGXFW WHUP 7'9 N%'

XQL N: GZHOOLC GZHOOLQ GZHOOLQ

&
&

PR RRPRRPRRPRRPRRPRPRRPRRRRERERLPR
& BH P B H P BB AP H D PR
PR RRPRRPRRPRRPRRPRRPRRRRRERRPR
& BH P B H P BB RSB DA B

7TDEOH )LUYWMDU (QHUJ\ ,BEDFONXDUH+HRWRWO 6PDOO IRU *DV %R
6\VWHPYHZ &RQVWUXFWLRQ

&OLPEL (OHFW 3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQG 5HGXF 6DYLC 6DYLC
N KIW N: W WHUPNN  7'9 N % \WX

[ERN

PR RPRRPRRRRRPRPRPR
Hh B BB PR B DR
PR RPRRPRRRPRRRPRRRPRPR

B H BB RPN N B

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



N
& B hHH
e
& P hBH

7TDEOH )LUVYWMDU (QHUJ\ ,BEDFRAXDUH2IRRAMH /DUJH IRU *DV %RL
6\VWHPYHZ &RQVWUXFWLRQ

&OLPL (OHFWL S3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQG S5HGXF 6DYLC 6DYLC
N : KIW N:IW WHUPNV 7'9 N % WX

183 18

183 18

13 18

13 18

183 18

183 18

13 13%

13 13%

13 13

13 13

13 13

183 18

183 18

183 18

183 18

183 18

7TDEOH )LUYWMDU (QHUJ\ ,BEDFONXDUH2IRRAMH OHGLXP IRU *DV
%RLOHU 6\ MWHEP&RQVWUXFWLRQ

&OLPEL (OHFW 3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQG 5HGXF 6DYLC 6DYLC
N KIW N: W WHUPNN  7'9 N % \WX

1% 19

13 1%

13 1%

13 1%

13 1%

13 1%

1% 19

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



PP R R PR PR R R
& hH P BB HA B H
PR R R RPRRPR R R PR
& H Bh P BB H B PR

7TDEOH )LUVYMDU (QHUJ\ BBDFONXDUH2IRRMH OHGLXP /DE IRU *D"
%RLOHU 6\¥MWHHEP&RQVWUXFWLRQ

&OLPEL (OHFW 3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQG 5HGXF 6DYLC 6DYLC
N KIW N: W WHUPNN  7'9 N % \WX

[ERN

PR R RPRRPRPRPRPRPRRPRRRRRPR
& B hH P BB P AN AHR BN BB
PR RPRRPRRPRRPRPRPRPRPRRPRRRPRPR

BB P H DN R R P P B DB N R R

7TDEOH )LUVYWMDU (QHUJ\ ,BEDFONXDUHOGRKRRIRO 6HFRQGDU\ IRU *I
%RLOHU 6\WMWHPRQVWUXFWLRQ

&OLPLC (OHFWL 3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC '"HPDQG 5HGXHF 6DYLC 6DYLC
N: KIW N: W W HU PNV 7'9 N % WX

1% 1%

1% 1%
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PR R RPRRPRRRPRRRRRRRPR
Hh B H B PP H P AL B H

&+
PR R R R RRRRRRRPRPR

AR AR AR AR AR AR AR AR AR N AR AR AR

3HBQLW (QHUJ\ ,PSDF¥'\DW8HBWIYWNFH :DWHU +HDWLQJ

7TDEOH )LUVYWDU (QHUJ\ ,PSBFWIVUHHIBBWUWPHQW +LJK 5LVH IR
*DV 6HUYLFH :DWHUHABWQYWUXFWLRQ

&OLPLC (OHFWL BHDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC '"HPDQG 5HGXHF 6DYLC 6DYLC

N: KIW N: IW WHUPNV 7'9 N % WX

|_\

PR R RPRRPRRRPRRRRRRERRESR
BB H A PP AR B AR BB BH
&

P R R RRRRRRRRRRRIER.LPR
AP B PA B DA B DA BB

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7TDEOH )LUVYWMDU (QHUJ\ ,PSBFXWNUIHHERRWHO 6PDOO IRU *DV
6HUYLFH :DWHWHHD WRQYWUXFWLRQ

&OLPC (OHFW!U 3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQG 5HGXEF 6DYLC 6DYLC

N : KIW N: W W HUPNV 7'9 N % WX

'_\

B AP H BB R HR PP BB B R PP
&

P PR R RPRRPRRPRRPRPRRRRRRPR
PR R R RRRRRRRRRERER.S®R
h A Ph B H P BB PR AR

7TDEOH)LU¥WDU (QHUJ\ ,PSDFWYV 3HH6HPRIQUGD R RAMRKIRFRDO/
6HUYLFH :DWHWHHD WRQVYWUXFWLRQ

&OLPCL (OHFWL SHDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQG S5HGXHF 6DYLC 6DYLC

N: KIW N: W WHUPNV 7'9 N % WX

[EnN

@B BH P PR R R R R P B P
©

I I
PP R RPRPRRPRRPRRRRRPR
B P HH P B P B R

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



N
& B hHH
e
& P hBH

7TDEOH)LU¥Y¥WDU (QHUJ\ ,PSDAHNOVOBRUESQIKVS5LVH OL[HRUSVH
*DV 6HUYLFH :DWHUHABWQYWUXFWLRQ

&OLP| (OHFWULFLW 3HDN (OHF 1DWXUD 7'9 (QHL
=RQF N:KGZHO( 'HPDQG 5HGX| 6DYLC 6DYLC
XQl N: GZHOOLC WHUF 7'9 N%
GZHOOLQ GZHOOLQ

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

14 1 ¢

BHBQLW (QHUJ\ ,PSDFWARPPWXEWNO 2[\JHQ &RQFHQWUDW

7TDEOH )LUYWMDU (QHUJ\ ,BEDFONXDUH/RRIW 2IILFH IRU 2[\JHQ
&SRQFHQWHDMA RQVWUXFWLRQ &RPPHUFLDO %RLOHUV

&OLPLC (OHFWL SHDNOHFWL 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQG 5HGXF 6DYLC 6DYLC
N :KIW N: W WHUPNV 7'9 N % WX

183 1$

1% 1$

1% 1$

183 18

189 18
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PR R RPRRPRRPRPRPRRR PR PR
B H B AP B PHHH B
PR R RPRRPRRRRRRR
P B HPH PP B RN B

7TDEOH )LUYWMDU (QHUJ\ ,BEDFONXDUHOORRRQGDU\ 6FKRROV IRU
2[\JHQ &RQFHQWUDAWN&ERQVWUXFWLRQ IRU &RPPHUFLDO %RLOH

&OLPCL (OHFWL S3HDN (OHF 1DWXUD 7'9 (QHU
=RQH 6DYLC 'HPDQ®HGXFW 6DYLC 6DYLC
N :KIW N: W W HU PNV 7'9 N % WX

13 13

183 18

183 18

183 18

13 18

183 18

13 19%

13 19%

13 19%

13 19%

193 189

1% 189

183 18

183 18

183 18

183 18

3HBQLW (QHUJ\ ,PSDFWAWURHAWUXTWVNIHQ &RQFHQWUDWLRQ

7DEOH)LUYWDU (QHUJ\ ,PSDEWWXHKRFHVV %RWUCHUHQ
&RQFHQW UMW LERRYVWUXFWLRQ DQG $OWHUDWLRQV

%RLOHU &DSDFLW\ 7TKUHVKROG 00%WX K

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



2SHUDWRRQ SHU 6KLIW
$QQXDO 2SHUDWLRQ GD\
$QQXDO 2SHUDWLRQ +RXUV
%DVHOLQH 7KHUPDO (IILFLHQF\
BURSRVHG 7KHUPDO (IILFLHQF\
6WDQGDUG 'HVLJQ (QHUJ\ &RQVXPSWLRQ SHI
B3URSRVHG 'HVLI@RQMKMBSWLRQ SHU %RLOHU
$QQXDMWXUDO *DV 6DYLQJV 7KHUPV \HDU
7'9N%WX WKHUP
$QQXDPO (QHUJ\ 6DYLQJIV AHDN% W X
<HDU 39 $GMXVWPHQW )DFWRU 1RQUHVLG
<HDU 1RPHGMDXVWPHQW )DFWRU 1RQUHVLG
7RWDO (QHUJ\ &R\RW HID\HIDQWBHULRG Rl DQBE

7RWDO (QHUJ\ &R\RW HBID\HIDQUBHULRG R 1IRPD G
,QFUHPHQWDO DQG ODLDWAWQEQRBHSERNBRGDO

%HQHWIRMRVW 5DWLR

7T%'

7%

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



&RVW DQG &RVW (IITHFWLYHQHVV

(QHUJ\ &RVW 6DYLQJV OHWKRGRORJ\

(QHUJ\ FRVW VDYLQJV EHDHSRDOG X O\DXMHG 9 HQHUJ\ FRVW IDF)
HQHUJ\ VDYLQJVY HVWLPDWHY WKDW ZHUH GHULYHG XVLQJ WK

7'9LV D QR UPHOWRRGFD O ® B WM MWD Y LY XDRMFRXQWYV IRU WK
YDULDN®HRARIOHFW UL FIDN IRRVEK RXXJUBRIOWKH \HDU DORQJ Z
FRVWY DUH H[SHFWHG WR FKDQJH RY HUDW¥X HRSH U HR GGR1l QDAQLIIX
PHDVXUHV DQG QROQUHHARHOWHDOXUHY DQG \HDUV IRU DOC
QRQUHVLGHQWLDPROUPMBMX PHWVXUH SURSRMHOVEGBQWH\D W/ R
EXLOGLQJV DUH DVVHVVHBFRXBUQJ HPHWIJURRWWMDYLQJV
$SDUWPHQWSURWBRWHSH WKDW LV XVHG WR DSSUR[LPDWH VD
ZLWKLQ WKH FROOHY®GEWIKMGE\YD WMHEHGH &$ &L JWID/MH XVHG WK
PL[HG RXBWLIDPLO\ SURWRW\SH WR H[SORUH WKH HQHUJ\ DQ
DVVRFLDWHG ZLWK DSSO\LQJ WKH FRGH UHTXKXWPWRWY WR F
\HDU SHULRG RI DQG Q\Y¥ IA\D @B X OOML R QM. XK LRQ.J HAGK K VKL J K
SURWRMMH'9 FRVW LPSDFWV DUH SUHVHQWHG LQ SUHVH(
UHSUHVHQW WKH HQHUJ\ FRVW\WDVYIVQD Y GJ H D\®ID]WI\G IRW B$ SO L
7KH VDYIUBWKIHSDUWPHQW K IKIKIHLMAH PD.QHBE XW HID P L O\
SURWRBWSHYUHVHQWHG SHU GZHOOLQJ XQLW ZKLOH QRQUHV
DUH UHSUHVHQWHG SHU VTXDUH IRRW

7KH ERLOHU DQG VHUYLFH ZDWHU KHDWLQJ PHDVXUHV RQO\ I
R[\JHQ FRQFHQWUDWLRQ PHDVXUHYVY DSSO\ WR QHZO\ LQVWDO
FRQFHQWUDWLRQ ZRXOG RQO\ DSSO\ WR QHZO\ LQVWDOOHG
HQUWJ\ FRVW VDYLQJV IURP QHZO\ LQVWDOOHG ERLOHUV LQ H]I
FRQFHQWUDWLRQ DUH VDPH IRU QHZ FRQVWUXFWLRQ IRU SUFE
UDWHG ERLOHU HIILFLHQF\ LV WKH VDPH IRU ERWK DSSOLFDV

(QHIN &RVW 6DYLQJV 5HVXOWV

3HMQLW HQHUJ\ FRVW VDYLQJV IRU QHZO\ FRQVWUXFWHG EXI
DQG \HDU SHULRG RI DQDO\VLV DUH SUD\EFRDPWKBGRXQK  GR
3HEQUQYHUERVW 6DYHQIBWMRFHVYV 2[\JHQ &RQFHQWUDWLRQ

7TDEOH

7KH 7'9 PHWKRGRORJ\ DOORZV SHDN HOHFWULFLW\ VDYLQJV '
VDYLQJV GXBHOQN @QRRQLRGY KRZHYHU WKHUH ZHUH QR DVVRF
PHDVXUH

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



3HBQLUWHUZRVW 6D BHYXAWWN %RLOHU 6\WWHPYV

7DEOH 39 7'9 (QHUJ\ &RVW 6DYLQIMU2SHULRG RIE$SQDO\VLV
SHWZHOOLQ&BMZWRQVWUXEWSRQHOL[HGBWHDYV %RLOHU 6\VWH
&OLPL <HDU 7'9 (OHF <HDU 7'9 1D 7RWD®@HDU 7
=RQH &RVW 6D *DV&RVW 6D (QHUJ\ &RVW ¢
39 39 39
7DEOH 39 7'9 (QHUJ\ &RVW 6DYLOIMUR2SHULRG RE$SQDO\VLV
3HU 6 TXDUHD)RRWRQVWUXRWHRGRROCGDYV %RLOHU 6\VWHPV
&OLPL <HDU 7'9 (OHF <HDU 7'9 1D 7RWD®@HDU 7
=RQH &RVW 6D *DV &RVW 6L (QHUJ\ &RVW ¢
39 39 39

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7DEOH 39 7'9 (QHUJ\ &RVW 6DYLOHNUWSHULRG RE$SQDO\VLYV
3HU 6 TXDUHDRRWRQVWUXAWER/@URW *DV %RLOHU 6\WWHPYV

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D TRWD®@HDU 7
=RQH &RVW 6D° *DV &RVW 6L (QHUJ\ &RVW ¢
39 39 39
7TDEOH 39 7'9 (QHUJ\ &RVW 6DYLOHNMNUZ2SHULRG RE$SQDO\VLV

S3HU 6 TXDUHID)RRWRQVWUXHAWRER@HGURRE *DV %RLOHU 6\VWHPV

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D 7TRWD®@HDU 7'9
=RQH &RVW 6DYLQJV *DV&RVW 6DYL (QHUJ\ &RVW 6|

39 39 39

7LWOH 'IDUMB6 ( SHSRUW 15+9%& " _



7TDEOH 39 7'9 (QHUJ\ &RVW 6DYLOHNMNUZ2SHULRG RE$SQDO\VLV
SHU 6 TXDURIDRRWRQVWUXHAWRERMHGLXRROE*DYV % RLOHU 6\VWHPF

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D TRWDQHDU 7
=RQH &RVW 6D° *DV &RVW 6L (QHUJ\ &RVW ¢
39 39 39
7TDEOH 39 7'9 (QHUJ\ &RVW 6DYLOHNMWLZSHULRG RE$SQDO\VLYV

SHU 6 TXDUHDRRWRQVWUBFMRRQ6HFRQOQREWD YDV %RLOHU 6\VWHF

&OLPL <HDU 7(OHFWL <HDU 7'9 1D TRWD@HDU 7
=RQH &RVW 6D° *DV &RVW 6L (QHUJ\ &RVW ¢

7LWOH 'IDUMB6 ( SHSRUW 15+9%& " _



39 39 39

3HEBQLW (QEBRVW 6D BIHYXQ@WON 6HUY L F H+ HDDMHLD J

7TDEOH 39 7'9 (QHUJ\ &RVW 6DYLHNMWLZETHULRG RESQDO\VLYV
SHU 6 TXDUHDRRWRQVWUXFWLRQ $SDUWPHQW+LJK5LVH IRU °
+HDWLQJ

&OLPEL <HDU 7'9 (OHF <HDU 7'9 1D 7TRWD®HDU 7'9
=RQH &RVW 6DYLQJV *DV &RVW 6DY (QHUJ\ &RVW 6|

1RPLQDO 1IRPLQDO 1IRPLQDO

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7TDEOH 39 7'9 (QHUJ\&RMWJIV 2Y4HDU 3HULRG RES$SQDO\VLV
SHU 6 TXDUHDRRWRQVWUXFWLRQ +RWHOG6PDOO IRU *DV 6HUY

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D 7RWD@HDU 7
=RQH &RVW 6D' *DV &RVW 6L (QHUJ\ &RVW ¢
1RPLQD 1RPLQD 1RPLQD

7DEOH 39 7'9 (QHUJ\ &RVW 6DYLQHNWSHULRG RE$QDO\VLYV

3HU 6 TXDUHID)RRBRWQVWUXFWLRQ 6HFRQGDU\6FKRRO IRU *DV
+HDWLQJ

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D 7RWDQ@HDU 7
=RQH &RVW 6D' *DV &RVW 60 (QHUJ\ &RVW ¢
1RPLQD 1RPLQD 1RPLQD

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7TDEOH 39 7'9 (QHUJ\ &RVW 6DYLOHNMNULZ2SHULRG RE$SQDO\VLV
S3HU "ZHOOLHUHZQEMQVWUXFWLRQ +LJK 5LVH OL[HG 8VH IRU *
DWHWDWLQJ

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D 7RWD®@HDU 7
=RQH &RVW 6D' *DV &RVW 60 (QHUJ\ &RVW ¢
1RPLQD 1RPLQD 1RPLQD

3HBQLUWHUZRRVW 6D BHYXQRWRPPHUFLDO 2[\JHQ &RQFHQWU

7TDEOH 39 7'9 (QHUJ\&RWMWJIV 2Y4HDU 3HULRG RE$SQDO\VLV
SHU 6 TXDUHRDRRWRQVWUXFWLRQ 212[\BH/D &R FIRUWUDWLRQ F
&RPPHUFLDO %RLOHUV

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D TRWDQHDU 7
=RQH &RVW 6D° *DV &RVW 6L (QHUJ\ &RVW ¢
39 39 39

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7TDEOH 39 7'9 (QHUJ\ &RVW 6DYLOHNMNU2SHULRG RE$SQDO\VLV
SHU 6 TXDURIDRRWRQVWUXFWLRQ 6HFRQGDU\6FKRRO IRU 2[\J
&RQFHQWUDWLRQ RQ &&RPPHUFLDO %RLOHUYV

&OLPL <HDU 7'9 (OHF <HDU 7'9 1D TRWDQHDU 7
=RQH &RVW 6D° *DV &RVW 6L (QHUJ\ &RVW ¢
39 39 39

SHBQLWHU&KRVW 6D BHYXRWYRFHVY 2[\JHQ &4RQFHQWUDWL

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7DEOH 39 7'9 (QHUJ\ &RVW 6DYLIMU2SHULRG RIE$SQDO\VLV
3HU 6 TXDUHD)RRWRQVWUXFHQAR B UDRBRONQ &RQFHQWUDWLRQ
RQ 3URFHVV %RLOHUV

&OLPD <HDU 7'9 (OHF <HD 7'9 1DW 7RWD®@HDU 7
=RQH &RVW 6D *DV &RVW 6L (QHUJ\ &RVW ¢

39 39 39
$00

,QFUHPHQWDO )LUVW &RVW

*DV %RLOHU 6\VWHPYV

7KH 6 WDWHZLGH &%$6( 7THDP UHYLHZHG VHYHUDO LQFUHPHQWL
UHSRUWHG E\ &DOLIRUQLD 3URJUDP $GPLQLVWUDWRUV LQ :R!
7KH ,0& UHSRUWHG LQ :RUNSDSHU 3*(&2+9& SHYLVLRQ IR
%RLOHUYVY SBEQLVWWGVHOHFWHG WR UHSUHVHQW WKH ,0& R
VXEPHDVXUH XSGDWH 7KLV :RUNSDSHU LV DOVR XVHG VWDWF
WR SURYLGH D EDVLV IRU HQHUJ\ HIILFLHQF\ LQFHQWLYHYV DC
XVHGWMK)YLYVY :RUNSDSHU ZHUH GHYHORSHG XMLEQWWHKHHD V XUH

&RVW 6WXG\ )LQDO 5HSRUW"™ SXEOLVKHG LQ DQG VXEPLWYV

7KH LQFUHRHRRWBOR| WKLV VXEPHDVXUH LQFOXGIBW®& KH LQFL
PDLQWHGRQWWYRAGDILWK D FRQGHQVLQJ ERLERQ GRESDQYHG
ERLOHU $GGHG HTXLSPHQW FRVWYV L @RAUNGRH IOYDH) BHD VR U DG C
H[EFKDQJHUV DQG FRQGHQVDWH PDQDJHPHQW V\VWHPV WR DO
WKHUPDO HQHUJ\ |URRHMVEBRNDRLINDWD QW SLSH DQG QHXWUD
WKH FRQGHQVDWH LV LQFOXGHG LQ WKLV ,0& VLQFH ERWK DL
7KH DQQXDO PDLQWHQDQFH FRVWYV QHHGHG IRU WKH FRQGHC
LQFOXGHG LQ VHRRUWQRQ BREWWRQ WKHUH LV QR LQFUHDVH LC
W KAHH F K D Q L \FAR QFEUH QG/IDAVBIRIVHD@HUD OO\ GLVFKDUJLQJ GLUHFWO\
VIVWIDR G YHQWLQJ UHTXLUHPHQWY FDQ EH LQFRUSRUDWHG L

7KH EDVHOLQH XVHG WR GHWSIDEPILIQHDWHK I JORBRLY HDU ZLWK D W
HIILFLHQF\ RI SHUFHQW UHSUHVHQWLQJ HTXLSPHQW WKDW
DSSOLDQFH HIILFLHQF\ VWDQGDUGV &RV W& HEWHRMHZHM B 1S URLGHX
DUH VLPLODU 7KH PHDVXKH &3BEHRWMNG IZS MK MR WHSUHVHQW
ERLOHU IRU WKH SURSRVHG VWDQGDUG LV DOBRMRGH.QWK @J ER
WKHUPDO HIILFLHQF\ RI SHUFHQW 7KRXJK WKLV LV DERYH
HIILFLHQF\ IRU WKLV VXEPWBORWYH UWKR WXBIOXHHUDJIJH WKHUP
FRQGHQVLQJ ERLOHUV LQ WKH $+5, GDWDEDVH 7KH EDVHOLQ
DQG FRUUHVSRQGLQJ FRVADEIDHAHDORZH IRXQG LQ
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7TDEOH ,QFUHPHQWDO OHDVXUH (TXLSPHQW &RVW IRU *DV %RL

(TXLSPHQW 7\SH &RVW "HVFU| (TXLSPHQW
0% W X

&RPPHUFLDO 6SDFH +HDWL| 6WDQGDUG
I 00%WKXe  7(

&RPPHUFLDO &RQGHQVLQJ SURSRWV&J
:DWHU %RLOHY WKX - 7(

, QFUHPHQWDO OHDVXUH &R

*DV 6HUYLFH :DWHU +HDWLQJ

7KH 6WDWHZLGH &%$6( 7HDP UHYLHZHG $BYHIRDUXD LO&YURHER B W
$GPLQLVWUDWRUY LQ :RUNSDSHUV SXEOLVKHG E\ WKH &38&

:36&*15:+ & SHYLVLRQ IRU &RPPHUFLDO +RW :DWHU %RL
6R&DO*DV LQ ZDV VHOHFWHG WR UHSUHVHQW WKH ,0& RI
6R&DO*DV 7KLV LQFOXGHG UHYLHZLQJ 3&RPPHUFLDO :DWHU
SWWDFKPHQW:'RIWRFDWKU ZKLFK VXPPDUL]J]HV WKH PHWKRGRO
XVHG WR GHYHORS WKLV ,0& 6RXUFHV LOQFGFREME RQDWOQH VYV
FROOHFWHG IURP &DOLIR D@D RWEBW & QIR RWHRY :RUNSDSH

7KH LQFUHPHQWDO FRVW RI WKLV VXEPHDVXUHQGFOXGHV Wk
PDLQWHQDQFWVRFYWWHG ZLWK D FRQGHQVLQJ ZDWHU KHDWH
FRQGH@DWKHU KHDWHU $GGHG HTXLSPHQW FRVWV LQFOXGH
H[FKDQJHUV DQG FRQGHQ VDWHNPR @IDIHPH QRY VRYWHPYV WR Ut
DGGLWLRQDO WKHUPDO H QMU \F RIRBRAMKRQUO QW JDIVSH DQ G
QHXWUDOL]DW LR®@HNLWD WRHU DUKIHLRFEQ@ XGHG LQ WKLV ,0& VLQF}
FRQGHQVLQJ VIVWHPV 7KH DQQXDO PDLQWHQDQFH FRVWV Ql
QHXWUDOL]DWLRQ NLWV LV IRIF QKGH®R QP WHFMNRRDQ WKHUH
LQ ODERU FRA/HFQR YV PWRIY G H QA/IDAMBRIHD@®HUD OO\ GLVFKDUJLQJ
LQWR WKH GUD LBPGH NOWLHR UHTXLUHPHQWY FDQ EH LQFRU.
GHVLJQ

7KH EDVHOLQH XVHG WR GHWHUPLQH WKLV ,0&8 LV DQ LQVWD(
FRPPHUFLDO KROMZIDWWHK PRAKHUPDO HIILFLHQF\ RI SHUFHC
WKHUPDO HIILFLHQF\ WR FRPSO\ ZLWK WKH FXUUHQW FRGH {
RUNSDSHU VHOHFWHG DQ LQVWDQWDQHRXYV ZDWHU KHDWHU
EDVHOLQH ZKLFKWMGVKHXHEPHQW W\SH IRU D EXLOGLQJ UHT?

00%WK FDSDFLW\ )XUWKHUPRUH WKLV ZDV WKH ODUJHVW [
ZDWHU KHDWLQJ PHDVXUH IRXQG LQ WKH &DOLIRUQLD :RUNSI
UHSUHVHQW WKS8URE&RRHGWKWD QGDUG 7KH PHDVXUH HIILFLH(
FRPSOLDQW ZDWHU KHDWHU LI WKH SURSRYXHGEDWB ¢GOGMHG ZF
DQG SURSRVHG HTXLSPHQW GHWDLOV DQG FRDEMWHSRQGLQJ F
EHORZ
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7TDEOH ,QFUHPHQWDO OHDVXUH (TXLSPHQW &RVW IRU 1RQUHYV
+HDWHUV

(TXLSPHQW 7\SH &RVW 'HVFU (TXLSPHQW
0% W X

&RPPHUFLDO +RW :DWHU 9 6WDQGDUG

%BWX K o 7(

&RPPHUFLDO +RW :DWHU 9 3URSRVHG

%BWX K o 7(

,QFUHPHQWDO OHDVXUH &

2[\JHQ &RQFHQWUDWLRQ

5.3.3.1 Process Boilers -5 and 10 MMBtu/h

7KH 6WDWHZLGH &%$6( 7HDP GHWH UFRMWM GV KWKRHX 1 R FVUMDP M KYRARBOO
RXWUHDFK DQG RQOLQH UHVHDUFK ODQXIDFWXUHUV DQG GL
DGGHG FRVW IRU EX\LQJ D VWDQGDUG RU FRQGHQVLQJ ERLO
ERLOHU ZLWK R[\JHQ WULP FRQWUROV LV 2[\JHQ WULP F
6WDWHZLGH &%$6( 7THDP KDV EHHQ DEOH V&R UYFAYYDIFWKIDDW FD Q
R[\JHQ OHYHOV 6LQFH WKH R[\JHQ FRQFHQWUDWLRQ UHTXLU
EROHUV WKHUH LV QR QHHG WR DQDO\]H DQ\ RWKHU LQFUHPFE

5.3.3.2 Commercial Boilers -5 and 10 MMBtu/h
6HH 6HFWLRQ

,QFUHPHQWDO ODLGBWBQDRHRAHIW &RVWYV

,QFUHPHQWDPWHR D QFHK FIRMW UMPHQWDO FRVW RI UHSODFLQJ
SDUWV Rl WKH HTXLSPHQW DV ZHOO DV SHULRGLF PDLQWHOQI
RSHUDWLQJ UHODWLYH W RVRMUWIHRBNRS IDERMOSKW R @ WUY D O X H
HTXLSPADQWWHQDQFH FRVWYV VDYLQJVWEDMHEFEBDX0 0 UWNHFR X§
UDWHZKBLFK LV FRQVLVWHQW ZLWK WKH GLVFRXQW UDWH XVF
7KIBUHVHDORHPDLQWHQDQFH FRVWVMYHKDW (RFFREO¥ X AMDWKIGE @
IROORZV

U
H%e
*DV %RLOHU DQG 6HUYLFH :DWHU +HDWLQJ 6\VWHPYV

7KH XVHIXO OLIH IRU ERWK ERLOHUV DQGLVHUWYHWH ZBWWW KF
&38& DVVXPHG D XVHIXO OLIH RI \HDW&88lQ UHFPM QW :RUNSD
DVVXPHG WKDW HTXLSPHQW ZRXOG QRW EH UHSODFHG GXULC

o
()
>S5
—
(=)
ot
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$FFRUGLQJ WR WKH &RQGHQVLQJ R4RGE ENWEMY HV VP BWU I$ X E (
DUH DGGLWLRQDO RSHUDWLRQ DQG PDLQWHQDQFH 2 0 FRVYV
FRQGHQVLQJ ERLOHU SODQW 6SHFLILFDOO\ FRQGHQVLQJ ER
RI FRQGHQVDWH QHXWUDOL]JHUV 7HKPVDEKBQPVERQ B HK@XYWHJ T
DUH FRROHG EHORZ WKH GHZ SRLQW DUH FROOHFWHG IURP W
DQG SLSHG WR D FRQGHQVDWH QHXWUDOL]HU ZKHUH WKH S+
GXPSHG VDIHO\ WR D VHZDJH G UWD Q3 EQ W R IEH QX WD D IDHGHF
UHSODFHG SHULRGLFDOO\ WR PDLQWDLQ WKLV FDSDELOLW\

DVVRUWPHQW Rl FDSDFLWLHV GHVLJQHG WR PDWFK ERLOHU |
UHTXLUHPHQWY DUH WR UHSODFH RU UHFKDW JHH S/RKBHWQ H WX W IUR
WKHRVW WR PDLQWDLQP WEBJFROGMWQWDMWWHI P LV SHU \HDU

8VLQJ WKLV PBWKRBQWKNYRNHD QQXDO PDLQWHQDQFH GLVFR)
SHUFR®QNWU \HDUV LV DQG IRU \HDUYV

&RQGHQVLQJ ZDWHUHKWMBPM NDPHJHRRIGIHQVDWH QHXWUDOL]JHU
DOQQXDO LQFUHPHQWDO PDLQWDLQHG FRVWY RDUWOHMNKH VDPH |
ZDV FRQILUPHG GXUZIQVKL QWMRUY LHHIZVLSPHQW PDQXIDFWXUHU\

2[\JHQ &RQFHQWUDWLRQ

$ ERLOHUJVDDLWURIXM®DGMXVWHG GXULQJ ERLOHU WXQLQJ 7KI
DQG VX\SDDQG GXUL®QFHELMAMHY LW\ ZKLFK LV XKXBOO\ RQFH
RFFXUV GXUL®QURDDWEOODBUBXULQJ PDLQWHQDQFH DFWLYLYV
\HDU 7KLV RFFXUV IRU ERWK WKH VWDQGDUG DQG SURSRVHC
WKH SURSRVHG GHVLJQ 7KH PDLQWHQDQFH FRVW IRU WKH V!
DW D ODRRU UMM KRXU 7KH PDLQWHQDQFH FRVW IRU WKH
KRXUV SHU \HDU DW D ODERU UDWHWKH LQFH WY KHRW D DK PIIJHQ R
FRVW LV KRXUV SHU \HDU DW D O(MERIJ\UDDWH RIV [UBP WKR X
PHDVXUH BYDWWSHRU WKH OLIH Rl WKH V\VWHP

8VLQJ WKLY PHWKRG WKHEHHVHIIW §IPOAWWHQQDQFH GLVFR)
SHUFRQNWU \HDUV LV

&RVW (ITHFWLYHQHVYV

7KLY PHDVXUHD SRERVFHUIWLYHPHQW $V VXFK D FRVW DQDC
W GHPRQVWUDWH WKDW WKH PHDVSWUWH ILR/GFRV WQDIOH¥ WML YH R

7KH (QHUJ\ &RPPLVVLRQ HVWDEOLVKHV WKH SURFHGXUHYV IRL
7KH 6 WDWHZLGH &%$6( 7THDP FROODERUDWHG ZLWK (QHUJ\ &RP
WKH PHROKRRIG LQ WKLV UHSRUW LV FRQVLVWHQW ZLWK WKHLU
ZHUH LQFOXGHG LQ WKH DQDO\VLV 7KH LQFUHPHQWDO ILUVYV
FRVWY RYHDWEHULRG RI DQDO\VLVY ZHUH LQFOXGHG 7KH 7'9
IURPHRWULFLW\ DQGEDQMDWIVZGIUBWOVR LQFOXGHG LQ WKH H)
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'"HVLIJQ FRVWYV ZHUH QRW LQFOXGHG QRU ZHUH WKH LQFUHPH
YHULILFDWLRQ

$FFRUGLWROWKH (QHUJ\ §®MHRLYVER BRIV X UHHLNH FWWWH L |

EHIQIMWRRVW % & UDWLR LV JUHDWHU WKDQ 7KH % & UDWIL
FRVW EHQHILWY UHDOL]JHG RYHU \HDUV IRU QRQUHVLGHQW
IRU UHVLGHQWLDO SURWRW\SHV E\ WKH WRWIWOI QRBBHPHQWI
FRVWY 7KH % & UDWLR ZDV FDOFXODWHG XVLQJ 39 FRVW)

5HVXOWYV RX@LKHHSRNMWLYHQHVV DQDO\VHD DWHD GEHRMHQ W H G

7KH FRVW HIITHFWLYHQHVV UHVXOWY YDU\ E\ FOLPDWR JRQH I
7TDEOWKRZ WKDW WKH JDV ERLOHU V\MWHPWLXBP HHDY XUH W U LK
EXLOGLQJ W\SHV LQ DOO FOLPDWH JRQHV ZLWK/ % BVUD WH RV |
FDVH ZDWEROH Q 6HFWLREHU DWLR IRU &OLRNMWHKHRQHDVW ZKHL
WKH % & UDWLR IRU &OLPDWH =RQH LV WKH JUHDWHVW

6LPLODUO\ UHVXOWYVY VKRZ WKDW WKH JDV VHUYLFH ZDWHU k
HITHFWLYH VDYLQJV IRU D@O&ONLPRP WD QRIQHVYURRH WR |
VKRZGZDROHWWNKURNMXIKOH :KLOH FRVWY DUH WKH VDPH WKURXJK
JRQHV FOLPDWH JRQHV KDYH GLITHUHQW LQSXW ZDWHU WHP S
RI HQHUJ\ VDYLQJV

7KH % & UDWLR IRU R[\JHU FARPPHUWUDW ERQOHUV LV FRPSDU
VLIJQLILFDQW )RU QHZ FRWRRW WXBRWRRYV EH®HH WUR P W R

7KH % & UDWLR IRU R[\JHQ FRQFHQWUDWLRQ IRU SURFHVYV ERF

&RVW (ITHFWBHMNREB8WXN %RLOHU 6\VWHPV
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7TDEOH <HDU &RMWWLYHQHVYV 6 XPAHDIQLLIHHMEQGEW
&ERQVWUXFWIKRLVH OLIHRRDWH% RLOHU 6\VWHPV

&OLPEL %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 61 7RWDO ,QFU WRRYV
2WKHU 39 6P 39 &R SDW

39 39

D

%HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%HROWKHWBI @BYIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW

VDYLQJV DUH ®MW PRUYBWOHAQRPIDWLRQ WKUHH SHUFHQW UDWH 2WKHU
LQFUHPHQRRVWINVDYWQJIV LI SURSRVHG ILUVW FRVW LV3®OHVV WKDQ EXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PPUQMPWDQFH FRVW
PDLQWHQDQFH FRVWV

&RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LOFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIODWMKXYWHG WKUHH SHUWRAHQUWR IDWHE PPE QWBHDQFH FRVWV LV JL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HHULKBZ XDUH )RRW
SRQVWUXFRWRQ6RRPM®Y %RLOHU 6\VWHPYV

&OLPI %HQH &RV' %HQH
=RQF 7'9 (QHUJ\ &RVW 61 7RWDO ,QFUHI WRRYV
2WKHU 39 6P &RV¥ SDW

39 39

D %HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%ROWKHWBI @BIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW
VDYLQJV DUH GLVFRXQW HA @M DWLRDO WXRMH BBUFHQW Q)G 2WKHU
LQFUHPHQRFDONI VDYWQJV LI SURSRVHG ILUVW FRVW LV3OHVV WKDQ FXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PDLQWHQDQFH FRVW
PDLQWHQDQFH FRVWYV

E &RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LQFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIODWMXYWHG WKUHH SHUFHQW UDWH DQG LI 39 RI SURSRVHG PDL¢
RI FXUUHQW PPRYWNQDQFHFUHPHQWDO PDLQWHQDQFH FRVW LV QHJDYV
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HHULKBZ XDUH )RRW
&ERAWUXFWLRQ 2IILFH/DUJH IRU *DV %RLOHU 6\VWHPV

&OLPELC %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 6| 7TRWDO ,QFUHI WRRYV
2WKHU 39 6P &RV¥ SDW

39 39

D

%HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%HROWKHWBI @BYIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW

VDYLQJV DUH GLVFRXQW HA @M DWULRDO WKRMHH) BBUFHQW UDWH 2WKHU
LQFUHPHQRRVWINVDYWQJIV LI SURSRVHG ILUVW FRVW LV3®OHVV WKDQ EXL
PDLQWHQDQFH FRVW VDYLQJV LQBAFRI BRARBR\LNGORNVQWKIDQ 39 RI FXU
PDLQWHQDQFH FRVWV

&RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LOFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIO DWMXYWKGHH SHUFHQW UDWH DQG LI 39 Rl SURSRVHG PDLQWHQL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRWDO LQFUMPH@WDO 39 FRVWV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HHULKBZ XDUH )RRW
&ERQVWUXFWLRHG 2XHRFBY %YRLOHU 6\VWHPV

&OLPELC %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 61 7RWDO ,QFU WRRYV
2WKHU 39 6P 39 &R SDW

39 39

D

%HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%HROWKHWBI @BYIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW

VDYLQJV DUH ®MW PRUYBWOHAQRPIDWLRQ WKUHH SHUFHQW UDWH 2WKHU
LQFUHPHQRRVWINVDYWQJIV LI SURSRVHG ILUVW FRVW LV3®OHVV WKDQ EXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PPUQMPWDQFH FRVW
PDLQWHQDQFH FRVWV

&RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LOFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIODWMKXYWHG WKUHH SHUWRAHQUWR IDWHE PPE QWBHDQFH FRVWV LV JL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HHULKBZ XDUH )RRW
&RQVWUXFWLRHG 2XA/BPHRDYV %YRLOHU 6\VWHPYV

&OLPELC %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 61 7RWDO ,QFUHI WRRYV
2WKHU 39 6P &RV SDW

39 39

D %HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%ROWKHWBI @BIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW
VDYLQJV DUH GLVFRXQW HA @M DWLRDO WXRMH BBUFHQW Q)G 2WKHU
LQFUHPHQRFDONI VDYWQJV LI SURSRVHG ILUVW FRVW LV3OHVV WKDQ FXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PDLQWHQDQFH FRVW
PDLQWHQDQFH FRVWYV

E &RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LQFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIODWMXYWHG WKUHH SHUFHQW UDWH DQG LI 39 RI SURSRVHG PDL¢
RI FXUUHQW PPRYWNQDQFHFUHPHQWDO PDLQWHQDQFH FRVW LV QHJDYV
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HHULKBZ XDUH )RRW
&ERQVWUXEMKIRRO6HFRORBDV\%RLOHU 6\VWHPV

&OLPELC %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 6| 7TRWDO ,QFUHI WRRYV
2WKHU 39 6P &RV SDW

39 39

D

%HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%HROWKHWBI @BYIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW

VDYLQJV DUH GLVFRXQW HA @M DWULRDO WKRMHH) BBUFHQW UDWH 2WKHU
LQFUHPHQRRVWINVDYWQJIV LI SURSRVHG ILUVW FRVW LV3®OHVV WKDQ EXL
PDLQWHQDQFH FRVW VDYLQJV LQBAFRI BRARBR\LNGORNVQWKIDQ 39 RI FXU
PDLQWHQDQFH FRVWV

&RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LOFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIO DWMXYWKGHH SHUFHQW UDWH DQG LI 39 Rl SURSRVHG PDLQWHQL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRWDO LQFUMPH@WDO 39 FRVWV WKH % &
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&RVW (ITHFWBHMNQ@E&WXN 6HUYLFH :DWHU +HDWLQJ

7TDEOH <HDU &RMWWLYHQHVY 6XPPDU\ SHHIHAHOOLQJ 8QLW
&RQVWUXFWLRQ +LJK5LVH$SDUWPHQW IRU 6HUYLFH :DWHU -

&OLPLC %HQH &RV) %HQH
=RQH 7'9 (QHUJ\ &RVW 61 7TRWDO ,QFUHI WRBRRYV
2WKHU 39 6P &RV SDW

39 39

D

%BHQHILWY 7'9 (QHUJ\ & RAMWKBDY3I®W6VBHQHILWY LQFOXGH 7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW

VDYLQJV DUH GLVFRXQW HA @M DWULRDO WXKRMHHNIOUF NQWLQDW HQEWXG H
LQFUHPHQRRVWINVDYWQJIV LI SURSRVHG ILUVW FRYW QX3BHW YV WKDQ EXL
PDLQWHQDQFH FIRV39 RDBURBRKRVHG PDLQWHQDQFH FRVWV LV OHVV WK|
PDLQWHQDQFH FRVWV

&RVWYV 7RWDO ,QFVUHE@W@DDA HB&RARWWNVQFOXGH LQFUHPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVARW RV HUU W IGH. \BFHRX.®\E HRA D @ DI
LQIODWMXYWHG WKUHH SHUFHQW UDWH DQG LI 39 RI SURSRVHG PDL¢
RI FXWIQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH FRV\
EHQHILW ,I WKHUH DUH QR WRWDO DQWREBRHPWOQWH O 39 FRVWYV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYVY 6KRPPODMH\¥RRIW &RQVWUXFWLRQ
+RWHO6PDOO IRU 6HUYLFH :DWHU +HDWLQJ 6\VWHPV

&OLPELC %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 6| 7TRWDO ,QFUHI WRRYV
2WKHU 39 6P &RV SDW

39 39

D

%HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%HROWKHWBI @BYIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW

VDYLQJV DUH GLVFRXQW HA QM DWLRDO WXRMH BBUFHQW UDWH 2WKHU
LQFUHPHQRFDONI VDYWQJV LI SURSRVHG ILUVW FRYQWF QYSBHWY WKDQ FXL
PDLQWHQDQFH FIRV39 RD BIURBR\QHD® PBIFRWMW YV LV OHVV WKDQ 39 RI FXU
PDLQWHQDQFH FRVWYV

&RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LOFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVARW\R Y HUU W IGH. \BFHRX.®\E HRG D @Y DI
LQIO DWMXYWKGHH SHUFHQW UDWH DQG LI 39 Rl SURSRVHG PDLQWHQL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRWDO DQ/EBHIPHYWDO 39 FRVWV WKH % &

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HHULKBZ XDUH )RRW

&RQVWUXFWLRQ 6FKRRO6HFRQGDU\ IRU 6HUYLFH
&OLPELC %HQH &RV %HQH
=RQH 7'9 (QHUJ\ &RVW 61 7TRWDO ,QFUHI WRBRRYV

2WKHU 39 6P &RV SDW
39 39

:DWHU +HELC

D %HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%ROWKHWBI @BIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW
VDYLQJV DUH GLVFRXQW HA @M DWLRDO WXRMH BBUFHQW Q)G 2WKHU
LQFUHPHQRFDONI VDYWQJV LI SURSRVHG ILUVW FRVW LV3OHVV WKDQ FXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PDLQWHQDQFH FRVW

PDLQWHQDQFH FRVWYV

E &RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LQFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIODWMXYWHG WKUHH SHUFHQW UDWH DQG LI 39 RI SURSRVHG PDL¢
RI FXUUHQW PPRYWNQDQFHFUHPHQWDO PDLQWHQDQFH FRVW LV QHJDYV
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYV 6 XPAHDIQLLIHHMEQGEW
&ERAWUXFWLRQ +LJK 5LVH OL[HG 8VH IRU 6HUYLFH :DWHU +HL

&OLPELC %HQH &RV % H Q HWIE
=RQH 7'9 (QHUJ\ &RVW 61 7RWDO ,QFU &RVW 5
2WKHU 39 6P 39 &R
39 39

D

%HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%HROWKHWBI @BYIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW

VDYLQJV DUH ®MW PRUYBWOHAQRPIDWLRQ WKUHH SHUFHQW UDWH 2WKHU
LQFUHPHQRRVWINVDYWQJIV LI SURSRVHG ILUVW FRVW LV3®OHVV WKDQ EXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PPUQMPWDQFH FRVW
PDLQWHQDQFH FRVWV

&RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LOFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIODWMKXYWHG WKUHH SHUWRAHQUWR IDWHE PPE QWBHDQFH FRVWV LV JL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &

7LWOH IDUME6 ( SHSRUW 15+9%$& ' _



&RVW (ITHFWBWNXIOHWRPPHUFLDO 2[\JHQ &RQFHQWUDWLRQ

7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HUKBZ XDUH )RRW
&RQVWUXFWLRQ 2IILFH/DUJH IRU &RPPHUFLDO 2[\JHQ &RQFF

&OLPLC %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 61 7RWDO ,QFU WRRYV
2WKHU 39 6P 39 &R SDW

39 39

D %HQHILWV 7'9 (QHUJ\ &RVW 6D&DRQUYINPQHKHWBILQFOXGH 7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQARAHQWDO (FRQRWKHW
VDYLQJV DUH ®MW PRUYBDWOHAQRPIDMWLRQ WKUHH SHUFHQW UDWH 2WKHU
LQFUHPHQRFDONI VDYWQJV LI SURSRVHG ILUVW FRVW LV3OHVV WKDQ FXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PPULQMPWDQFH FRVW
PDLQWHQDQFH FRVWYV

E &RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LQFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWV RYHU WKH SHULRG RI DQDC
LQIODWMKXYWHG WKUHH SHUWRAHQUR IDWHE PPE QWBHDQFH FRVWYV LV JL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &
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7TDEOH <HDU &RMWWLYHQHVYVY 6XPPDU\ 3HHULKBZ XDUH )RRW
&ERQVWUXFWLRQ 6FKRROG6HFRQGDU\ IRU &RPPHUFLDO 2[\JHQ

&OLPLC %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 61 7RWDO ,QFU WRRYV
2WKHU 39 6P 39 &R\ SDW

39 39

D %HQHILWY 7'9 (QHUJ\ &RVW 6DYLQJIV%ROWKHWBI @BIXKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAAHQWDO (FRQRWKHW
VDYLQJV DUH GLVFRXQW HA @M DWLRDO WXRMH BBUFHQW Q)G 2WKHU
LQFUHPHQRFDONI VDYWQJV LI SURSRVHG ILUVW FRVW LV3OHVV WKDQ FXL
PDLQWHQDQFH FRVW VDYLQJV LI 39 Rl SURSRVHG PDLQWHQDQFH FRVW
PDLQWHQDQFH FRVWYV

E &RVWV 7RWDO ,QFUHPHQWDO 3&RNWQ W QFDOO0GHS LQFFWWPHQWDO HTXLS!
UHSODFHPHQW DQG PDLQWHQDQFH FRVWVY RYHU WKH SHULRG RI DQDC
LQIODWMXYWHG WKUHH SHUFHQW UDWH DQG LI 39 RI SURSRVHG PDL¢
RI FXUUHQW PPRYWNQDQFHFUHPHQWDO PDLQWHQDQFH FRVW LV QHJDYV
EHQHILW ,I WKHUH DUH QR WRWDO LQFUHPHQWDO 39 FRVWV WKH % &
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&RVW (I IHFWEMNRBBWRFHVV 2[\JHQ &RQFHQWUDWLRQ

7TDEOH <HDU &RMWWLYHQHVYV $XRPHQ\&RQFHQWUDWLRQ IRU
, QVWDOOHG 1HZ &RQVWUXFWLRQ DQG 5SHSODFHPHQW 3URFH

&OLPI %HQH &RV' %HQH
=RQH 7'9 (QHUJ\ &RVW 6DYLC 7RWDO ,QFUHI WRRYV
39 6DYLKR &RVE SDW
39 39
$0O0

D %HQHILWV 7'9 (QHUJ\ &RVW 6DYLQJIV%HRQWKHW\BI @BYIKGHV7'9 HQHUJ\ F
VDYLQJV RYHU WKH SHQHRG\RI (RERORQAPHQWDO (FRQRWKHW
VDYLQJV DUH ®W PRYBDWOIHAQRPIDWILRQ WKUHH SHUFHQW UDWH 2WKHU
LQFUHPHQRFDONI VDYWQJIV LI SURSRVHG ILUVW FRVW LV3OHVV WKDQ FXL

PDLQWHQDQFH FRVW VDYLQJV LI 39 RI SURSRVHG POULQMWIW@DQFH FRVW
PDLQWHQDQFH FRVWYV

E &RVWV 7RWDO ,QFUHPHQWDO 3&JRIWWM D W QFDOD0GHS LEAFAVUWPHQWDO HTXLS|
UHSODFHPHQW DQG PDLQWHQDQFH FRVWY RYHU WKH SHULRG RI DQDC
LQIODWMKYWHG WKUHH SH URAHUWR IPDWWHG POGE QWBHDQFH FRVWYV LV JL
RI FXUUHQW PDLQWHQDQFH FRVWV ,I LQFUHPHQWDO PDLQWHQDQFH F
EHQHILW ,I WKHUH DUH QR WRW Po® Q BFRRAVEE VWP @ \3 & IR \DW W HW K H
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)LUYWMD 6WDWHZLGH ,PSDFWYV

6WDWHZLGH (QHUJ\ DQG (QHUJ\ &RVW 6DYLQJV

7KH 6WDWHZLGH EBB®FXODRV HE DVKWWDUWAHEZ ULBH QBYLQJV
FRQVWUKFRX.RWLSO\DQILWKWHDIHQ JVS ZHKVLIFR VDG LQ EMFWLRQ
DVVXPSWLRQV DERXW WKH SHUFHQWDJH Rl QHZO\ FRQVWUXF
LPSDFWHG E\ WKH SURSRVDMHERGH QHZHFRQVWUXAWLRQ IRUH
SUHVHQ®SSHQGQRY PUH WKH 6WDWHZLGH &$6( 7THDPJV DVVXPS
SHUFHQWDJH Rl QHZ FRQVWUXFWLRQ WKDW ZRXOG EH LPSDF
JRQH DQG EXLOGLQJ W\SH

7KH INHDW HQHUJ\ LPSDFWV UHPWHNA QXD W KHD YLLUNMW IURP DO
WKDMWJUH FRPSOHWHGH®@HUJ\ FRMW VDYLQJYVY UHSUHVHQW WKH
VDYLQJY RYHU WKH HQWLUWWDQMDHAVGY YBYLRGY HKWNLPDWHYV
QDWXUDOO\ RFFXUULQJ PDUNHW DGRSWLRQ RU FRPSOLDQFH

7DEOHNKURDMOKOH UHVHQW \WRH MWBWHZLGH HQHUJ\ DQG HQH
VDYLQJV IURP QHZFWH®REXWOGLQJV E\ FOLPDWH ]JRQH

7TDEOH6WDWHZLGH (QHUJ\ DQG (QHHIHZ RRQ VRSDFHWMRQ IRU
%RLOHU 6\VWHPV

&OLPI 6WDWHZLC )LU¥YWD )LUVYWLC )LUYWEL <HLC
=RQ}t &RQVWUY (OHNFUL 3HD 1DWX 3UHVI
,PSDFWH 6DYLC (OHFW *DV 9DOXHG ((
BURSRVHG & * K '"HPDQ 6DYLC &RVW 6D
LQ SHGXFV PLOC PLOOLR(
VTXDUH 0: WKHU 39

19 1%

19 1%

1% 19

19 1%

19 1%

1% 19

1$ 1 $

1$ 1 $

1$ 1 $

1$ 1 $

1$ 1 $

13 1 $

1% 19

1% 19
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727%/
D )LWMWHDU VDYLQJEXUBBLIAY FRPSOHWHG VWDWHZLGH LQ

7TDEOH6WDWHZLGH (QHUJ\ DQG (QHHIHZ RRQ VYRESDFWMRQ IRU
6HUYLFH +RW :DWHU +HDWLQJ 6\VWHP (IILFLHQF\

&OLP| 6WDWHZLC )LUYWD )LU¥YWL )LUYWL <HC
=RQF &RQVWUY (OHFW!L 3HD 1DWX 3UHVI
,PSDFWH 6DYLC (OHFW *DV 9DOXHG ((
S3URSRVHG & *- K 'HPDQ 6DYLC &RVW 6D

LQ SHGXFV PLOC PLOOLR(

VTXDUH 0: WKHU 39

PRrRRPRRPRRRPRRPRRPRPRPRPRRRPRRRPRPR
B HPH P PP B P H P LR PP PP

727%/

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
D )LWWHDU VDYWRBWOO EXLOGLQ

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
G

LQJV FRPSOHWHG VWDWHZLGH LQ
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7TDEOH6WDWHZLGH (QHUJ\ DQG (QHHIHZ RRQ VYRSDFWMRQ IRU
2[\JHEGQRQFHQWUDWLRQ IRU &RPPHUFLDO %RLOHUYV

&OLP| 6WDWHZLC LU\ )LU¥WLC )LUWWL <HC
=RQFt &RQVWU X <HD 3HD 1DW X 3UHVI
,PSDFWH (OHFWLl (OHFW *DV 9DOXHG ((
BURSR' 6DYLC 'HPDQ 6DYLC &RVW 6D
&KRJH LQ *: K SHGXFV PLOC PLOOLR(
VTXDUH 0: WKHU 39

13 $

1% 1%

1% 1%

1% 1%

1% 1%

1% 1%

1% 1%

13 13

13 13

13 13

13 13

13 13

1% 1%

1% 1%

1% 1%

1% 1%

7273/ 1% 1%

D )LWWHDU VDYLQJV IURP DOO EXLOGLQJY FRPSOHWHG VWDWHZLGH LQ

7DEOH6WDWHZLGH (QHUJ\ DQG (QHHWIHZRVOV,WODPOWE 3URFHYV
%RLOHUV 2[\JHQ &RQFHQWUDWLRQ

&OLP| 6WDWHZLC LU\ )LUMWLC )LUYWL <HC
=RQF &RQVWUX <HD 3HD 1DWX 3UHVHQW
,PSDFWH (OHFWl (OHFW *D\ (QHUJ\ &
B3URSR' 6DYLC 'HPDQ 6DYLC 6DYLC
&KDQJH LQ *: K SHGXFV PLOC PLOOLR(
PLOOLRQ 0: WKHU 39
|HF
$00 1% 13 13
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6WDWHZLGH *UHHQKRXVH *DV *+* (PLVVLRQV 5HC

7KH 6WDWHZLGH &®E(FXHIIPNHG DYRLGHG *+* HPLVVLRQV DVVX
HPLVVLRQV IDFWRUV8QSMWHGLHVGDMHW KB YLURQPH@WDO 3URW
(3% (PLVVLRQV *HQHUDWLRQ 5HVRXUFH ,QWHJUBDWHIEU'QWDE |
(OHFWULFLW\ &RRUGDQDMIUER BRXQNXEUHILRQ 7KH HOHFWU
HPLVVLRQ IDFWRU UHSUHVHQWY VDYLQJV IURP DYRLGHG HOH
WKH *EPSDFWV LI WKH VWDWH PHHWV WKH 5HQHZDEOH 3RUWI
SHUFHQW UHQHZDEOH HOHFWUS¥RWGHEOHUBWLROLEQYV IURP
JDV VDYLQJV DWWULEXWDEOH WHE V& WHFHVF R/W K FHOWKRDZAH ™M W
DUH FDWF)XGOXVLQJ HPLVVLRQV | BF\WRIW &RSHFALODMA RQ BRI $LU
3ROOXWDQW (PLVVLRQVHBEWBRYMEKVNIDGGLWLRQDO GHWDLOV
PHWKRGRORG\WR FDOFXODWH *+* HPLVVLRQYV

7DEOH6WDWHZLGH *+* (PLVVZLRQGRPBWEWNVWLRQ $OWHUDWLR
$GGLWILRHOWH QW WKH HWMVDIUP D WRHLGS UYWL RIQV R1 WKH SURSRV}
FKDQJOMXULQJLWMM U+* HPLVVLRQV RIHWULFNWRR FDUERQ
GLR[LGH HTXLNWOHR MQBHERXOG EH DYRLGHG

7TDEOH 6 WDWHZLGH *+* (PLVVLIEROZERPGDWWXYXFWLRQ $OWHUDWI
$GGLWLRQV

OHDVXUH (OHFW! 5HGXFHG 1DWX 5HGXFHG 7RW
6DYLG® (PLVVL *D \ (PLVVL 5HGXF
*» K\U_IURP (OHF 6DYL@ IURP 1D\ &2 F
6DYL® pLOC *DV 6DYPE (PLVVLEE
OHWULF 7 WHUP\L OHW OHW
&2 H 7ROQBY H 7RQQ
&2 H
*DV %RLO
6\WWHPV
6HUYLFH
+HDWLQJ
&RPPHUFL
2[\JHQ
&RQFHQW

7 :KHQ HYDOXDWLQJ WKH LPSDFW RI LQFUBDDIQGEIDWE&H LRI HZBHEOHHDRU W |
UHQHZDEOHV E\ WR SHUFHQWKEH@HZIREQHNY &MU 5HVRXUFHYV %RDUG
SXEOLVKHG GDWD RQ H[SHFWHG DLU SROOXWLRQ HPLVVLRQV IRU YDULRX
&$5% 7KH LQFUHPHQWRIXY HEPIWUMA FDOFXODWHG E\ GLYLGLQJ WKH GLIIHU
HPLVVLRQEHISWWEKI DQG ORZ JHQHUDWLRQ IRUHFDVWY E\ WKH GLIITHUHQFF
JHQHUDWHG LQ WKRVH WZR VFHQDULRYV
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SURFHVYV

2[\JHQ

&RQFHQW

727%/

D )LUMMDU VDYLQJV IURP DOO EXLOGLQJY FRPSOHWHG VWDWHZLGH LQ
E $VVXPHV WKHQURBPIR/VLRQ IDFWRUV [[[ 07&2 H *PKOD®RRQPP[VO7&2 H

6WDWHZLGH :DWHU 8VH ,PSDFWYV
7KH SURSRVHG FREN GERWQIHYV XOW LQ ZDWHU VDYLQJV

6WDWHZLGH ODWHULDO ,PSDFWYV

)RU WKH ERLOHU DQG VHUYLFH ZDWHU KHDWLQJ VXEPHDVXUF
H[FKDQIZHRXWHB LPSDFWHBQGRIQVLQJ ERLOHUV XVH D FDVW LU
FRSSHU VWDLQOH®VRUNWKE RULPWHHKHDW H[FKDQJHU $ FR
FDQ KDYH HLWKHU RQH SULPDU\ KHDW H[FKDJHMWWBEOQW LV P
PDWHULDO RU RQH SULPDU\ DQG RQH VHFRQGDU\ KHDW H[FKL
IURP FRUURVLRWDQW PDWHULP@GHQVLQJ ERIDIHIPL XXM D
FRSSHU VWDLQOHVV VWHHO RU VWHHO IRU WKH KHDW H[FKD
VWHHO DQG DOXPLQXP SULPDU\ KHDW H[FKDQJHUV UHSUHVHC
IRREFRQGHQVLQJ VIVWHPVY FRPSDUHG WR FRWIGI\Q B Q@D WVW }
DVVXPQR FKDQJH LQ WKHVH PDWHULDOV 6LQFH FDVW LURQ F
ERLRHDW H[FKDWQKHARXEE8 D GHFUHDVH LQ FDVW LURQ DQG DQ
VWDLQBHOWQW FRSSHU 7R GXQLHNV BIHFH MXHHSIHU FDVW LURQ
VKLSSLQJ ZHLJKWV RI FDVW L UR QDERHIQIKKWWH B HRERIE®IPBDRIH G
XVLQWDLQOHVV VW HHD W QHI FKFOBEMHUBNY) VW DWH Z IDBHHLP SDFW V
HVWLPDWKBLRDJ WKDW  SHUFHQW RI WKH QHZO\ LQVWDOOHG
LURGDW H[FKDZXJHUV 7R HVWLPDWIMWKH@EHHDVHV IRU VWDL
DQG FRSSHU WKH ZHLJKWV RI VHYHU DU HRUDHHVY VZKHY GRPS
FRQGHQVLQJ RU FRQGHQVLQJ DQG XVH VWDLQOHVV VWHHO D
DVVXPHG WKDW WKH LQFUHDVH LQ/FRIQEMQODNYYRFM\DPWHEVZLW
WR WKH LQFUHDVH RI WKHVH PDWH WLBIONVQIWHGRIUQXWKB BVLW
VHFRQGDU\ KHDW H[FKDQJHU $FFRUGLQJ WR $+5, DSSURJ[LPI
QDW X UDIOUBBVFRPPHUFLDO ERLOHUV KDYH VWDLQOHVV VWHH
SXUSRVHV RI WKLV DQDO\VLV LW LV DVIMX\PWM B OW KIZWF R QSGHHUGV
ERL QZHRX\& B Y\HW D L Q O HVWD WWHHHF&D QG H U & H K B MFER/® SKHHUD W
H[FKDQJHKM UHVXOWY RDUHRXYDGQBO KLYV

RU VHUYLFH ZDWHU KHDWLQJ VWDLQOHVV VWHHO LV JHQHU
FRQVXPSWLRQ RI WKH ZDWHU 6LQFH FRQGHQVLQJ ZDWHU KH
KHDW H[FKDQJHUV FRPBOQGHGVWRJIQRONHU KHDWHUV WKHUH 2
LQFUHDMHDLQOHVY VWHHO DV VKRZQ LQ
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7DEOH 7R GHWHUPLRELWKHPSBBWY WKH VKLSSLQJ ZHLJKWV R
KHDWHUV WKDW DUH PDGH DV HIR/QHILY B FGI&HQRVR. S DRIH @ RDQ
DYHUDJH ZHLJKW GLIIHUHQFH LV XVHG 7KHVH ZDWHU KHDWH
00%WX K WR 00%WX K ,W LV DVVXPHG WKDW WKH LQFUHDVF
PRGHOV LV GXH WR WKH DGGLWLRQDOHYRMKDLIGIWVY VWHHO X\

2WKHU PDWHULDOV PD\ EH LPSDFWHG GXH WR YHQWLQJ UHTX
PDQDIJHPHQW EXW VWDNHKROGHU IHHGEDFN LV QHHGHG WR
YDULHW\ RI PDWHULDOV FDQ EH XVHG WR YHQW DQG QHXWUD

JRU WKH R[QFHHQRWRIDWLRQ WKBHPHDWS$BH5HSRUW IRU SURFHVYV
ZDV UHIHUHSHHGPOQRAWHULDO ,WBD MWV XPHG WKDW R[\JHQ WUL|
ZRXOG EH XVHG WR DFKLHYH SHUW RDWHUEBOW R$DIFQV DUH
DQ HVWLPDWHDBSBHIR[KWDRVHO\ SRXQGV IRU WKH H[KDXVW JD
DQG H[KDXVW JDV DQDO\JHU 7KLV LV FRPSRVHG RI URXJKO\
FRSSHU DQG SRX®GS8RI SODIBMOMHKRZYV WKH SHU XQLW LPSDI
WKH \HDWW WDWHZLGH LPSDFWV XVLQJ WKH HVWLPDWHG E
FRPSO\ ZLWK WKLV VXEPHDVXUH

7TDEOH)LU¥WDU 6WDGH ,PSDFWV RQ DWW UYWIRLWDWBYHE\VWHPV

ODWHULDO ,PSDFW ,PSDFW RQ ODWHULDO 8VH S
, ' RUPI 3HBQLW ,PS )LU¥WBBEWDWHZLGH

OHUFXU\ 1& 1& 1&

/IHDG 1& 1& 1&

&RSSHU , OEV \L OEV \U

6 W D L QGBOAHHVHY : OEV \I OEV \U
3ODVWLF 1& 1& 1&

&DVW ,URQ ' OEV \ OEV \U

2WKHUV ,G 1& 1& 1&

D ODWHULDO ,QFUHDVH , '"HFUHDVH ' RU 1R &KDQJH 1& FRPSDUHG W

E J)LUMWU VDYLQJV IURP DOO EXLOGLQJY FRPSOHWHG VWDWHZLGH LQ
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7TDEOH)LUY¥WDBONDWHZLGH ,PSDFWV R DD\D WHWY DFOH 8:\DIW H U

+HDWLQJ
ODWHULDC ,PSDFW

, ' RUPI 3HBQLW ,PS
OHUFXU\ 1& 1&
/HDG 1& 1&
&RSSHU 1& 1&
6 W D L QG6Q\HH , OEV \
3ODVWLF 1& 1&
&DVW ,UR! 1& 1&
2WKHUYV 1& 1&
L GHQWLI\
D ODWHULDO ,QFUHDVH '"HFUHDVH

,PSDFW RQ ODWHULDO 8VH S

JLUYMWDBBOWDWHZLGH
1&
1&
1&
OEV \U
1&
1&
1&

RU 1R &KDQJH 1& FRPSDUHG W

E J)LUMWDWU VDYLQJV IURP DOO EXLOGLQJY FRPSOHWHG VWDWHZLGH LQ

7TDEOH)LU¥Y¥WDU 6WDWHZLGH ,PSDFWY¥2RQH@RGBHRWBVWLRQ

ODWHULDO ,PSDFV

. " RU

Lo 3HBQLW ,PS
OHUFXU\ 1& 1&
/HDG 1& 1&
&RSSHU , OEV \I
6WHHO , OEV \L
30DVWLF , OEV \I
2WKHUWGHQ) 1& 1&
D ODWHULDO ,QFUHDVH '"HFUHDVH

,PSDFW RQ 0DWBBKXDGMNINWH

JLUMWDBBWDWHZLGH

1&
1&
OEV \U
OEV \U
OEV \U
1&

RU 1R &KDQJH 1& FRPSDUHG W

E J)LUMWU VDYLQJV IURP DOO EXLOGLQJY FRPSOHWHG VWDWHZLGH LQ

2WKHU (QRHU J\ ,PSDFWV

7KH SURSRVHG FREXNTEDQIHYVXOW HQHRIWKHBSQORW V

7TLWOH
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SURSRVHG 5HYLVLRQV WR &RGH /DC

*XLGH WR ODUNXS /DQJXDJH

7KH SURSRVHG FKDQJHVY WR WKH VWDQGDUGY 5HIHUHQFH $S
SHIHUHQFH ODQXDOV DUH SURYLGHG EHORZ &KDQJHV WR WK

ZL W K YUHGH U OQ B Z QOID Q J X D\AW-U-DIQHEW 16 I D KHIKIVR Q V

6WDQGDUGYV

SECTION 110.2 +MANDATORY REQUIREMENTS FOR SPACE -CONDITIONING

EQUIPMENT
d > iiiX?" ¢f v K& }Jo &<U D]v]jupu ((] ] v C E <pu]J]E u
<u] %o u A A § PYEC D]v]upu d 3
dC% | & P} (11 we WE}
—E<E (8 EHHH
A [RARRRARAR]
}Jo GU " «r&]® D TiiUIIT §f 649—&h 619 &h K il &
A3 E W ES q
H itiuiil Sull 649 0819 = K 1 &
G TUATIUIII o W ES
ETuinUIilT Sy 839 6819
v
Giiuiiwiii Su
EiiUiiiUiili 019
KIr&]E& D iiiUiii §) 689—&H 06069 &h K i1 &
W ES ¢
H itiuUiil Sull 649« 0619 = K {1 &
G TUAlTiUIII W ES§
ETUATTUIIT ¥ 689 06563
GiiWiuviii sSp
EiiUiiiUiii 6009
}Jo EU | "' «r&]®E D T1iiUiii 8§ 649—&h 6019 &h K i1 &
W ES ¢
H iiiuUiii Sul 0i9 § K i1 &
GiUATIUIIT 8 W ES ¢
EiUAITUTIT S 079 § K i1 &
G iiUiiiuiii W ES ¢
EiiUiiiUiii 669 3§ K i1 &
W ES ¢
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L ap& ]l E H U Sl 689 08 —K—H—&
—oold—| G ITUAHUI WES
SO UL &p WoEE |
Lap &l H U Sl 669 08 —K—H—&
v—SpE YA U WES
—& ((Eiupnuin s 468: | 48u | K O 4
SO UL &p WoEE |
KIr&]E& D iiiuviii §) 64+9—&h 619 &h K il &
W ES ¢
H iiiuUiil Sull 649« 08519 s K il &
G TUATiUIII W ES (
ETUATIUTIT 8| H649% 019 s K i1 &
Giiwiiuiii sy W ES (
EiiUITiUITI 0i9 8§ K i1 &
W ES (
%% 0] 0 § 3 %E} HPE Vv E (EvV C E E % E}A]
A }tu peS]iv ((] ] v C ~iil19 0 ¢ (O 0}ee eo X €& ( E
Jv(}E&u S]}vX
SA SZ EGuo ((J]lvEeX"™r § 5§ %E} pPE (}JE S ]Jo v
D AJupu % u]éj@pu v u EJupu E S]JvPe « % E}A] (} @
HV]S[e }VSE}oeX
Ivop r(jaa ~& ¢] p oX

Z (Ev W™ §]}ve TAITOU TATTIO6U TATIOXAU TATITU TAOITU TAdI
TA6OTU W o] Z }puCE - }

SECTION 120.6 tMANDATORY REQUIREMENTS FOR COVERED PROCESSES

Y

~e«Dv S}EC Z <u]E u vS8e (}&E WE} e+ }]o E-

IXE AoC Jved 00 % @E} o 1lo Es AJEZ v JIv%epdS— %—]SC }( i DD
B S S ERIREENTERE A $ ~=5 |P ¢« }/ECP \
o—=s 57 v 1B} AKX %eE—VE CAlopu—Itv—EC ] JA FE (JE]VP E

FH—%e—E—vEX—Fupa S P JE Alopu—aZ 66— IvEE}Ie0 A]3Z E %o

Yy E—{opu—P - JFECP v 1ty vwSE SPIvX-he J{  Juutv-P « v }lu p
ol PE | | - Z%{&EJ¥] |5 X
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8XX E AoC Jved 00 % E} s+ }]o E+ A]§Z VivBUEUIBo ]5C PE &
AUITTTUHUIHUY TSl Ze «Z 00 uAvS=fv P =} E£ECP v }v VvSE S]}ve S 0 e
8Z v}E <po 8}iXi % E vsS C Alopu }v EC +]* A E (JE]JvP
% E v3X }u pe3]lv ]E Alopu +Z oo Jv3EE}oo A]S8Z E % § §
Jv VEE §]}vX he RQ JDMUBROBEXNWWLRQ DLU FRQWURO OLQNDJH

SURKLELWHG

SECTION 120.9 +MANDATORY REQUIREMENTS FOR COMMERCIAL BOILERS.

Y

~ « E AoC Jved oo v Aou@A]EZs v ]v% us % [S3C i DD Splz ~AU’
Sulze v PE 8§ & <ZAoo0-uS|VBANECP v }v VvVSE S]J}v S 0 ¢« §Z v
(U 0 BY+—%o—EXIvEB EC VE}opu }v EC ]+ A E (JEJVP E & « }(
8} iii %o @KSWSKE v AoC Jve3 oo 1o Ee+ AlSZ v Jv%usS % ]SC i
~AUITiIUITT SulZe v PEVSIE R pdgAJP v v vSE S]J}v S 0 ¢ §
1E <u 0 8} AXi % E v3 C Alouu }v EC ]+ A E (JE]VP E
Ju pe3]}v ]E A}lopu <Z oo v S EfeB A JEZE EP%e} A G v

}v vSE& S§]}vX he W P 4uu }u pesS]}v JE& }vsSE}o o]Jvl P }E i |
% E}Z] 18 X

W KE S} A Sy YToXE= AWSZ 25 18} 8Z @Reow—({] ] v C 0
Y% E—yEIE Z]PZ EX

SECTION 140.4 +PRESCRIPTIVE REQUIREMENTS FOR SPACE CONDITIONING

SYSTEMS

~1eC E}v] "CeS u D e*uE -

~0dPZ % 13C %o . 3]lvP ' - B1A GE]oCvPuXSZ P « Z}5 A 3§ E

*CeS ue (JE %o Z 3]vP A]8Z 515 0 *Ce*3 u Jv%us }( 8 o <3 iDD

iiDD SpulZ «Z oo u 3 00 }(3Z (}oo}A]JvP E <pu]E u vieX
X }]lo E "C+3 u '"({JZ}¥ £X% E }]o E+ Zupo BZAEuudv]((] ] v C
(861 % E v3X "Ce3 ue A]SZ upod]%o 1]Jo Ee v uZ 353§ZR E <]
1v% ud % E}A] C <ul%u vs Al18Z 83Z CGu o ((1 1 v.1le 3}A v |
lv%ud % 1S A EP 3Z Eu & ¢(]*FWICHH(E v3X &}E }]o E
lvoC (JE lu pe3]}v ((1.1v CU 327 0 po AP ZEE S&X GvBops %o
§Z EGu o ((]1v C+Z oo pe 3Z Yu pues]}v ((11v CAop X

X188 A3 E ]-83CE] pu3dpv ZPIPAX E (-SE] 9&]ldu <C+3]Pv &}
lu%0C Al8Z 15 ue ] v ]]IX
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1X}loe v 18Z & Z 8§ A Z vP E- *Z 00 * 0 § ¢} 8Z S § ]
AS E E SUEV § u% E SUE vs E]JvP 8Z }]o Ee ]« il
11hv E 00 }% E 3]vP 1lv ]13]1}VvEUSIZE ASSAEEEVR%Z }]o E ]« i
0 e« }JE 3Z (0}A E 8 }( *u%%0C Z}3 A S & §Z 3 & ]E po 3
*Ce3 uU ey ZrA«C QA i0A « }E u]v]upu (0}A C% <+ }vSE}oeU «Z
§Z v.il % E v§ }( 8Z *1Pv ¥piRA 1] & ZE e E
£ %3]Iv i 8} i0IXE~ 1o E v3 }(SZ vvpy 0 *%o Z 8]vP E «u]d
% EYAIC w]3 E Vv A o VIEPEAUE]S v EPCUIE Z § E }A EC Z

E %3]Iv.i &) (6WX5~Z6W|vP }]o E« Jves 0o Jv.]v ]A]l u o A oo]v

£ %3S]Iv i 8} idIXE~1ADW E v3 }JE ulE (57 *]PwZ]VP]VP o0}
% EJu § E }vA S]JA Z 3JvPU E ] vS Jo]vP % v o }JE }3ZX

£ %S]Iv & 8} i XAFIPOWP ¢ Ylo Ee AlSZ Iv% uS % ]SC 0 e¢ S§Z \
v1}s lv o lv §Z 0O po SJlve }(SZ 3}S 0 *C*S U Xv%opusS }E S}S

SECTION 140.5 +PRESCRIPTIVE REQUIREMENTS FOR SERVICE WATER
HEATING SYSTEMS

~ €}VE ] v3] 0 K p% v ] X <« EA] A S E Z E]vP «Ce3 u Jved o
Hl]o JvP }u%o0] ¢« A13Z 3Z]e » 3]}v 1( 135 }u%o0] » A]JSZ 8Z %0 %0 0]
A8 Yve THTXTU TTTXT v 10IXA~ w X
~ ¢]PZ]s Z +] v3] 0 v ,}3 0ID}35 0 K p% v ]e+X =+ EA] A3 EZ
]Jves oo JWE]Z]REZ ] v3] o }E& Z}5 olu}s o p]Jo JvP }u%o]  A]S
u S¢ §Z €& <p]E u vEeA}KM~ SPIOVKA~ X

~ o]PZ % MNE&A] t 3 E , S]VR "€«3@A] —”ZAE WP +C+3 ue Jv v A
plo JvPe A13Z 515 0 JveE oD VPP]v¥UE E% ]3C }( i DD 3ulz }&E
upe3 Z A P o o« EX] SIWE Eul%u v3 AlS8Z ulv]upu 3Z Eu o ((]]
% E V33X DUuo3]%o0 pylée SEZ]edEAUEE u VE](S3ZP Av %o (B3
% EIA] C <«u]l%u vs Al§Z §Z Eu o ((1.1v]le A v 0}A 6i
8} v Jv%ou3 rA%P28C A E P }(__ 3 0 *3 81 % E v3iX

A %31Iv i 3} 161Kifi% B v3S }( STEAVVADS EEVP E <u]E u vs ]
% E}A] o ]J& v EPIEIEAEB v EPCX

£ %3S]lv i 5} fOSXEBE~ZW E+ Jves oo v ]Jv JAl] p o A oo]vP pv]s

A %S]1Iv i &) I0iXMl~p-W P « A S E Z & Ee AlSZ Jvh s % ]5C
11Ulll_splzX

5HIHUHQFH $SSHQGLFHYV
7KHUH DUH QR SURSRVHG FKDQJHV WR WKH 5HIHUHQFH $SSH
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$&0 5HIHUHQFH 0DQXDO

7KHVH SURSRVHG FKDQJHV WR W5KiH HIR{QUAHY D G 8 RHNVWBIQ WE O O
IRU WKH VRIWZDUH WR PHDVXUH ZHLJKWHERW KHHBDORHOHELP
ZDWHU KHDWHU V\VWHPV

6HFWLRQ %RLOHUV
o & ((I1v
% % 0] ]0]SC oo }]o E-
(1vls]}v dZ (poo o} ((11vCl}( }o & ] A%C
(Joo}A]JvP W

vvp o (ko pslo]l 81}v ((14 ve€E&E &h &Z]-
((]1] veCl>lAE %E&® (]Jv Z S]JvP o <}v)
dZ Euo ((1¢ VG2 E 8]} }( 82 Z & SE
A s E ]A] C 3Z Z 3 ]v%us }(3Z (no
Yu pesJtv ((1 1v]€S8Z u <uE& }( Z}A up
ASE (RE}u 8Z (Lo v ] 8z & 8]} }( 8z
§Z Ju pe3]}v ]1E ]A] C 3Z Z § ]v%p
Iv%sASIPZS 87 Gu o ((J]1v Cles8Z 37 @
UMNOS]% 0 1]Jo E» §Z § E & |BIWP @ %o |AS
hv s >]e8 ~o JA

IV%o S Z «SE] § E}v

s v E *]Pv|_&h (J&E rpldEP *}]o Ee« A]S3Z 0 ¢ 37 v iiiQ
dZ Eu o ((]& ¥}E ~00 Pr(J®& }}do Ee- A]S

SA v 11AaUIIl v TUAITIUITI SulzX
tu pes]iv] (v CU (}1E oo RI€EV }1lo B /
% 18] « YA TUARAIIUIIT SplzZX

t ]JPZ8 §Z CEu o ((]1vCle +Ce35uoA
lvoC Ue (JE *Ce3 ue AlSZ % 18] « 3
ii DD 38ulz 87 8§ Z A u(l]@&3%50A B € }]o (

" v E *]Pv
E]*S]vP plo ]

Boiler Efficiency Table

7KH SERLOHU HIILFZRIXQEH RPRGCGMWRHEQFOXGH WKH SURSRVHG Wil
HITLFLHQFLHVY IRU FRYHUHG ERLOHUYV

o & ((1 1
% % 0] ]o0]S( oo }]o E-

(Iv]s]tv dz (poo o}  ((I11vVviEE}(]o}fo EE&E & }v |
~+ ((J1VC53C% A+ A%E *-E 3} }HY
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JuS% S JA E Jv% uSX dZ *}(SA E upes }
SZ Euo ((]1vEC~sS«U }uwpuesliv ((J]1v (g
*}(SA & *Z oo ul %%E}%E] § }VA E-]]
132 & &h }E }u peS]l}v ((] I*VBZ & §3 &
((] ] veCXtzE &h ] %E}A] U § «Z oo
OR9 #& hD 0619 | "sA 1 X&h =
OTXMA9e
019 B&hG 119 '"sA 1X0&h—=
iTXA9e
I( }u pesS]}v ((J] 1 v Cle vS§ E U SZ }u%oed
JVA E3&Z] v C38 3Z Euo ((J]]l]v<ec C sz
"sA' > IXIiin
oo o SE] }o &+ AlJoo Z A v ((]J]]1v C]
hv]Se Z 51}
IV¥% US Z ¢SE|  ]Pv
rg v E *]R er(]JE Z}5 AS E }lo E-U Al3Z E 31
v % ES }( }]o & «Ce+8 ueU AJ3Z }v }E u
DD 3ulZz v ii DD 38ulZ & eepu 3} Z A 3§
§Z Eu 0 ((]1 1V C c}AcodEeB)ExSZ =5 voOoE
}18Z E }]& Eeepd} Z A 5Z u]v]upu ((1] v
d ord }( 8§z 0](}EV] Y%o%o0] Vv ((1]1v C
s v E °]F
El*S]vP pu]o
,}JSt S E Z SpPEV d u% E SuE
% % 0] ]o]S{ oo }]o E-
(Jvls]}v dZ § u% E SpE }ESABAVEVE S} §Z }]o E
A S E 0}}%
hv]Se PE + & ZE vZ ]S ~£&-
IV%o S Z «SE] » <]Pv X
rg v E *JR&IE P « (JE Z}3 AS E llo E- 3Z 5§ E
% 181 ¢ SA v i DD SulZz v ii DD SRHEU
Z 03Z E (v]®]3IEA C 8Z +Ce*3 ue ]V 3
cevS velh < WE}%}e *]PVvX &}E o0 }§Z
S v & *]Pv }]o EX
s v E *]F
El*S]vP pu]o
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A% %0C ZY§ A § E (0}A E 3

% % 0] ]0]3( ' er(JE Z}5 A S E }]o E «Ce35 ue AlSZ %o

~iUiliUiil 8ulZe v ii DD 3ulz
(Lv13]}v "% % 0C Z}8 A § E (BIA G AAP 27A § E §7
Jv&l §Z 1}]o E +C+3 us AZ v _lu% E &} &§Z
hv]ge W E vE P }(_ _+]Pv (0}A

/v%houS Z «$E|W E vE P « & vP_(E}u i &} fi]

S v E *]HdZ 85 v E *]Pv «Z 00 Z A (0}A & 3§ «]¥PZ
(0}JA E 5§ « }1(_ v }% & §]vP }]o EX

"§ v _E __+]F
E1-8]vP_puld

38t S E "YW %0C d u% & SHE S o
%0 % 0] ]o]St oo }]o E-

(Jv13]}v dZ 8 u% E SpE }( 32 A S E %E} C
§Z Z}3 A 3 & 0}}%
hv]ge PE « & ZE vZ 18 ~£&>

IV% US Z «SE *]Pv E

"§ v E *]F &} E Z 08Z & ( ]Jo]8] *U « u & BN EE r%L}}eS
}1lo €U AJ8Z % 18C SA v i DD 3ulz ~i
DD SpulZU pe %o E} %ot & ®a }SZ|RESU he
S v & *]Pv }]o EX

g v E °]F

El*S]vP pu]o

6HFWLRQ :DWHU +HDWHUYV

dz @u o ((] ]

% % 0] ]o]5Q KlJo vViARE A S EXZE PEA] A S E Z 3§
vis§ JA E C E

(Jvls]}v dZ (poo o} (l1veCcl( ASEZ 8 E 3
FE %o (E oo . Ju vel}vo e & S]]} }( IS %o
E(EE 38} «E }JAEC ((]]vececx

hv]Se hv]So ¢« (E 5]}

IV%ouS Z «SE]| p]o JvP o E]%S}E* (}E]BY %} EP%o} }Ve]
A13Z «<p]%u v8 % ](] v 8Z Ive3Epu 3]}
} o EA v §Z v] 8§ plo]JvPX

"§ v &E *]P| &} E o00 V}VE ] vS] 0 HEGe]VvEee]v VB]PLZ *9
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7TLWOH "VDUMB6 ( SHSRUW 15+9%$& " _



% ]3] ¢+ }JA & iUIIIUIITl SplZ upes Z A §Z

JE v  A]38Z d]%o T8U W ES oU ~ E]}v i
Z S e+ JvvVv}vE ] vS] o pu]o JvPe v V}VGE
Z A 3Z Euo (3 EWIY (EJudsllv §Z %o %o
((] 1 v CZ Ppo S]}uEX&IEEF]REZ] 0 *% °
O]JAJVP % * }( Z}3 0* v u}$ o+ ~Ppu *3E}
Z+] vl o DZ(Ev Dvps E (}oo}A

" v E 1P
E]S]vP pjo

&RPOLDQFH 0DQXDOV

&KDSWHU RI WKH 1IRQUHVLGHQWLDO &RPSOLDQFH 0DQXDO Z
ZRXOG QHHG WR LQGLFDWH WKHUH DUH UHOHYDQW HIILF
VHUYLFH ZDWHU KHDWLQJ V\VHWLRQZ RXQGIH G WD B W
UHYLVHG LQ RUGHU WR DFFRXQW IRU WKH XSGDWH WR WKH R
LQVWDOOHG ERLOHUV ZLWK FDSDFLWLHVY DERYRRXO®WX K
DOVR EH PDGH WR 6HFWLRQ WR LQFOXGH. WKH XSGDWHC
UHTXLUHPHQWY LQ WKH PDQRREGB/PVBIO\LEFKEOWHRQ WR D
QHZ SUHVFULSWLYH UHTXLUHPHQWYV IRU VHUYLFH ZDWHU KHE

&RPSOLDQFH "'RFXPHQWYV

&RPSOLDQFH GRFXPRQWVYSRRBE&N( DQG 15&8&( ZRXQEHG
WR EH UHYWL VRS OIGRG KA HERWRPEHG WR EH XSGDWHG WR GRFX
ZHLIJKWHG WKHUPDO HIILFLHQF\ WKH UHWXUQ WHPSHUDWXU'
ZDWHU KHDWHU ¥Y¥RXB@H®MR/EH DZDUH RI WRHHI IQ@UZLWULJJIHU
FRQWURO D&QHVDIEMMWWRPPHQGDWLRQV DFFRUGLQJO\
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%LEOLRJUDSK\

Q G KWWS EHHY DUFKHQHUJ\ FRP 'RFXPHQWY 6RIWZDUH &%
&RPB B63 BSBURWRW\SHYV ]LS

%: 5SHVHDUFK 3DUWQ$GYEKQEHG (QHUJ\ -REV LQ &DOLIRUQLD !
&DOLIRUQLD $G Y DSGFHIQFHBUIQHUJI\ (FRQRP\ ,QVWLWX

&DOLIRUQLD $LU 5HVRXFHV %RDUG *OREDO :DUPLQJ 3RV
KWWSV Z7Z7ZZ DUE FD JRY FF LQYHQWRU\ EDFNJURXQG JZS
&DIRWQLD '"HSDUWPHQW RI :DWHU 5SHVRXUFHV &DOLIRUQ

5HIJLRQV $FFHVVHG $SULO
KWWS ZzzZ ZDWHU FD JRY ODQGZDWHBUBRXQWPBEHHY PDSV

&DOLIRUQLD (QHUJ\ &RPPLWXLRGLQJ (QHUJ\ QCIFUEQF\ 6 WD
JUHTXHQWO\ $VNHG 4XHVWLRQV

KWWS zZZZ HQHUJ\ FD JRY WLWOH VWDQGDUGYV UXOH
OGLQJB(QHUJ\B(IILFLHQF\B6WDQGDUGVB)$4 SGI
2 "RUNVKRSVY DQG OHHWLQJV
KWWSV 7Z2Z HQHUJ\ FD JRY WLWOH RAMXPRIQMMYGYV SUH!
2 "RUNVKRSV DQG @MBHHUHMKL QJIV
KWWSV 7ZzZ HQHUJ\ FD JRY WLWOH VWDQGDUGV SUH!

&DOLIRUQLD (QHUJ\ &RPPLVVLRQ % XLOGKEQUF YVMDUMEIDALGWY WILR |
(QHUJ\ (IILFLHQF\ 6WD@GEPHGWH&S GDWH
KWWSV ZZZ HQHUJ\ FD JRY WLWOH SDUWLFLSDWLRQ K\

&DOLIRUQLD (QHUJ\ &REBP(ERIRFQIRQUHVLGHQWLDO &RPSOLD(
BRIWZBBFHVVHG KWWS EHHV DUFKHQHUJ\ FRP VRIW.

2 (QHUJ\ &RGH 'DWD IRSRRYDBWXWH\3BR JRY
KWWSV 7Z27ZZ HQHUJ\ FD JRY WLWOH GRFXPHQWYV B(QF
VXUHB3URSRVDOV [OV]

2 +RXVLQJ DQG &RPPHUFLDO (§ROVWUXFWLRQ 'DWD
KWWSV ZZ HQHUJ\ FD JRY WLWOH GRFXPHQWV B(QH
VXBBURSRVDOV [OV]

2 ,PSDFW $QDO\VLV 8SGDWH WR WKH &DOLIRUQLD (
IRU 5SHVLGHQW 5B ¥ LIBGI® WR Q OH® K UO G E RXIRY
KWWSV ZZZ HQHUJ\ FD JRY WLWOH VWDQGDUGV SRV

B,PSOW/B$QDO\VLVB)LQDOB5HS®RIUWB

&DOLIRUQLD 30XPELQJ &RGH Q G ¢&PIDUARAFHMNVBGXPELQJ &F
'"HFHPEHU KWWS HSXEV LDSPR RUJ &3& PRELO
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&DOLIRUQLD 3XEOLF 8WLOLWLHV &RPPLVILERV\&388& E I
(IHIHFWLYHQHVV $QDO\VLV 5HYLVHG )LQDO 5HSRUW 3UH:
,QF KWWS ZZZ FSXF FD JRY :RUN$UHD 'RZQORDGS$VVHW

&DOLIRUQLD 3XEOLF 8WLOLWLHYV &RPPLVMWLHRRNLY HIHVYIVWHU (
$QDO\VLYV (UbHWDWR WQIDO 5HSRUW 3UHSDUHG E\ 1DY
,QF KWWS ZZZ FSXF FD JRY :RUN$UHD 'RZQORDG$VVHYV

&DOLIRUQLD 6WDWHZLGH 8WLOLWLHV &RERPHDY G BWDKGD UG

$FFHVVHG 'HFHPEHU KWWV WRWQJIS VWDNHKROGHFH

FRQWHQW XSORDGYV SHSRBWEBMREBWWY SGI
&DPSEGIIOYOH\ @WEHDP 7LS ,PSURYH <RXU %RLOHU V &RPEXVW

$FFHVVHG KWWSV \ZH'Y HR DFFRSFE MA@ B B U RR KU

ERLOARPEXVMWILRELHQF\

&HWHU IRU (QHUJ\ DQG (QXNDNRIQPHMWWDOODWLRQ DQG 5HW!I
RI +LOKLFLHQF\ &RQGHQWVRQJ YSEIEGINVWG -DQXDU\
KWWS PQ JRY VR PMHIGHR FOWM@RIQIHUV SG|

&KDSPDQ *HRUJH&RPPHUFLODMHGWB\VWHP ,QLWLDQUWHDWVF¥FHL S
'"HVFULSWLRQ %RVWRQ 0$ &RQVRUWLXP IRU (QHUJ\ (IILI
KwWwSV OLEUDU\ FHH RUJ VA\VWHP ILOHV OLEUDU\ & (
H'HVFULSWLRQB B),1$/ SGI

&RQVRUWLXP IRU (QHUJ\$(IODBRINHHQNF\$SVV HWFFHYWHIR UDQ XD U\
KWWS Z7ZZ LGF
RQOLQH FRP WHFKQLFDOBUHIHUHQFHY SGIV PHFKDQLFDO

$VHVV SGI

&38& &RPPHUFLDO&RBHYHNYG 6WDQGDUGY (QKDQFHPHQW
&$6( S5HSRUW &DOLMUQLBWDHWHZLGH &RGHV DQG 6WDQ
KWWS WLWOH VWDRRGREGMUXSORDBY B&$6(
SHSRUWB&RPRRUGHDY SGI

&38& 3URFHVV %RIGHWIPQG 6WDQGDUGY (QKDQFHPHQW ,Ql
5SHSRUW &DOLIRUQZDGHNERG WV H\WQ GWeDWDH) GDUGYV 7HDP
KWWS WLWOH VWDRRGREGMWUXSORDZY B&$6 (

SHSRUWB3UWREBWWUYV SGI

&XWOHU "\ORBQGHQVLQJ %RLOHUV (YDOXDWLRQ S5HWURILW
$SSOLFDWQREY &2 1DWLRQDCHBHEQHZIDREUIHNEU \

'2( Q G &)5 $FFHVVHG 1RYHPEHU KWWSV ZZZ HF
ELQ WHI[W
LG["6,' D H E F EEH GD D | PF WUXH QRGH VH
UJQ GLY
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2 Q G &)5 $FFHVVHG 1RYHPEHU KWWSN ZZZ HFIU
ELQ WHI[W
LG["6," FF H FDG I D G DG PF WUXH QRGH VH
UJQ GLY

2 Q &@RPPHULFDO 3URWRW\SH PAHVW/GIEDI ORGHOV
KWWSV 727ZZ HQHUJ\FRGHV JRY GHYHORSPHQW FRPPHUFL

2 (QHUJ\ &RQVHUY®MLRY IRMDKRPPHUFLDO 3DFNDJHG %RL

'"HFHPEHU $FFHVVHG 'HFHPEHU

KWWSV ZZZ HQHUJ\ JRY VLWHV SURG ILOHV | &3%
"2 ,PSURYH <RXU %RLOHUYTV &RPEXVWLRQ

KWWSV ZZZ HQHUJ\ JRY VLWHV SURERILOMYBHIILFLHQ®MF
"2 7HFKQLFDO 6XSSRUW 'RFXPHQW (QHUJ\ (IILFLHQF\ 3U

SURGXFWY $QG &RPPHUFLDO $QG ,QGXVWULDO (TXLSPHQ!
%RLOBVKLQIWRQ '& ODUFK

KWWSV HQHUJ\ PR JRY VLWHV X SHERBWXRPABW WHFKQLFDC
FRPPHUSDBDNNHEBERLOHUVBGRH SGI

(QHUJ\ (QYLURQPHQWDO (FRQRPLFV 7LPH 'HSHQGHQW
'HYHORSLQJ %XLOGLQJ (IILFLHQF\ 6WDQGDUGV 7LPH
7'9 'DWD 6RXUFHV DQG ,QSXWV 3UHSDUHG IRU WKH &D
&RPPLVVLRQKWX\B GRFNHWSXEOLF HQHUJ\ FIB6JRY 3XEOL
71 B 7 B B7'9BOHWKRGRORJ\B5HSRUWB
Gl

(QHUJ\ ,QIRUPDWLRQ $GPE&RPPWUPMDLR@®XLOGLQJ (QHUJ\ (IILF
&RQVXPSWLR @ FRHMWH G
KWWSV HZZZRY FRQVXPSWLRQ FRPPHUFLDO GDWD

(WWHQVRQ /DUD DQG &KWGEDWADRYUMLYHY *ROGHQ (QHUJ\ (IILF
2SSRUWXQLW\ 5DPSLQJ 8S 6XFFHVV WR 6DYH %LOOLRQV
1DWXUDO 5HVRXUFHV 'HIHQVH &RXQFLBXUQYLURQPHQWD

J)DUWKLQJ 'DYLG & Q G &RPEXVWLRQ &RQWURO 6WUDWHJLF
SRZHU % XUQHUV KWWSV 272Z7Z IHGHUDOFRUS FRP WHFK |

JHGHUDO 5HVHUYH (FRQRPLF 'DWD Q G KWWSV [IUHG VWOR>

*ROGPDQ &KDUDMY & HXOOHU (OL]DEHWK 6WXDUW -DQH 6 3
1IDWKDQLHO $OEHUV 6XVDQ /XW]JHQKLVKHQHDIDG OHUVLKD
(IILFLHQF\ 6HUYLFHV 6HFWRU :RUNIRUFH 6L]H DQG ([SHF
IDZUHQFH %HUNHOH\ 1DWLRQDO /DERUDWRU\
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.HQQH\FRDHO +HDWKHU %LUG DQG +HULEBQMW R WBRMD OPHU J\
(IILFLHQF\ $FVBXEQ IBRIDMLRQ 1XPEHU &(&0) &DOLIRUQLD
(QHUJ\ &RPPLVVLRQ .HQQH\ OLFKDHO +HDWKHU %LUG T

&DOLIRUQLDIKPHUIF\(BFWLRQ 30DQ &DOLIRUQLD |
&RPPLVVLRQ 3XEOLFDWLRQ 1XPERKD) &(&

/IHIDO ,QIRUPDWLRQ ,@8WLWXFHRHQVEHG 1RYHPEHU
KWWSV Z7Z7ZZ ODZ FRUQHOO HGX XVFRGH WH[W

2 Q G 86 & $FFHVMIRGHPEHU
KWWSV ZZZ ODZ FRUQHOO HGX XVFRGH WH[W

1IDWLRQDO (QHUJ\ $VVLVWDQFH 'LUHFWRWVY R\D\R FQBWILRQ
$VVLVWDQFH 6XUYH\ )LQDO 5HSRUW
KWWS ZZZ DSSULVHLQF RUJ UHSRUWYV )LQDO 1($'$

2 'RQQHB®OQQH +LJK (IILFLHQF\ &RPPHUYIFNDDWARHO'MWFULSWL
%RVWRQ 0% &RQVRUWLXP IRU (QHUJ\ (IILFLHQF\
KWWSV OLEUDU\ FHH RUJ VLWHV GHIDXOW ILOHV OLEUL
WLYH'HVFB 0D\ SGI

3DUNHU 6WHYHQ DQBKDHWEHERPO®HQVLQJ %RLOHU $VVHVVPHC
3HDFKWUHH 6XPPLW )HGHUDO % Y3HIDGKQ\ USMAOBXPW D W * HRG
%XLOGLQJ 3DFLILF 1IRUWKZHVW 1DWLRQDO /DERUDWRU\

3* ( 'RUNSDSHU DQG 'LVSRYURGR&DIFIIHARIUYH D 3XEOLF 8WlL
&RPRVVLRQ KWWS GHHUHVRXUFHV QHW ZRUNSDSHUV

6R&DO*DV &RPPHUFLDO +RRWNBDIIH YW RDGHUVSRVLWLRQ
SURG &DOLIRUQLD 3XEOLF 8WLOLWLHYV &RPPLVVLRQ KW\

6WDWH Rl &DOLIRUQLD (PSOR\PUWWRH®WHQRBPHQW 'HS
KWWSV ZZZ ODERUPDUNHWLQIR HGG FD JRY FJL GDWDD(
QDPH LQGXVWU\

6WDWHZLGH &%$6( 7HDP I1RQUHVLGHQWLDO W®H&H 3 DUW  (
6 WD N H K RFGHUEH U $FFHVVHG 'HFHPEHU
KWWSV VWDWKKIR O GHERQAVRHPQANE XSORDGV 7

6 WDNHKROHOMIRW HRQUHVLGBRWEDB O

BWRQH 1HKHPLDK -HUU\ 1LFNHOVEX4RG DY G QIGOOW D P GXU GV
"KLWH 3DSHU 15ZSRRRWH &RVW Y 330LFIH LEFVHOGA BVQE O HF
&RPSDQ\ $FFHVVHG )HEUXDU\

KWWS GRFNHWSXEOLF HQHUJ\ FD JRY 3XEOURKBFXPHQW)
5HIXODW®RBY'
71 $SULO &RGHV DQG 6WDQGDUGV :KL!
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3DSHU SHSRUW
1HZ +RPH &RVW Y 3ULBMWXG\ SGI

7KRUQEHUJ &KULVWRSKHU +R\X &KRQ&DDDIR$GDP HBEB AU

,QQRYDWLR QVKQ@GHHMHL R/Q

8 6 &HQVXV %XUHDX 3RSXODWLRQ 'LYLVLRQ $QQXDO (\
SRSXODWLRQ $SULO WR -XO\
KWS IDFWILQGHU FHQVXV JRY ENPN WDEOH HQ 3(3
86

86 (3% 8QLWHG 6WDWHV (QYLURQPHQWDO 3URWHFWLRQ $JH
IRU *UHHQKRXVH *DV ,QYHQWRULHY $FFHVVHG 'HFHPEH!
KWWS ZZZ HSD JRMURAOKLPD & RIOHDHRW ¥ VHRWL V VALRIQ

8OWUDV\VWHPV ,1& %RLOHU &RQWURO 6\VWHPV 7KHRU\
&LYLO (QJLQHHULQJ /DERUDW\ )HEUXDU\
KWWSV DSSV GWLF PLO GWLF WU IXOOWH[W X D SG

8QLWHG 6WDWHV (QYLURQRABOWDO 3WBRWHPWIVRQ (SLWLRQ &R
RI $LU 3ROOXWDQW (PLVVLRQV )DFWRUV 9ROXPH 6WDYV
BRXUFHV KWWSV ZHAPLWYDBBWHRIEXDQWLILFDWLRQ DS
FRPSLODMPRZVULERPWRUYV WKHG

8QLWHG 6WRWRAM QODIOU3URWHFWLRQ $JHQF\ (PLVVLRQV
5HVRXUFH ,QWHJUDWHG 'DWDEDVH H*5,"
KWWSV ZZZ HSD JRY HQHQ B\ BMMNRQYEBEWH JGDWBED V H

HIJULG
B8UEDQHN /DXUHFWRU\ 7UXPS $GPLQLVWUDWIGR@ BIXIMW 3XEO
(ITLFLHQF\ 6 WIDbQ& D2AFGWR EH U KWWSV ZZZ QUGF RUJ HJ[.

XUEDQHN WIUKPEBLQLVWX\SWERQ@M R DMHGI LHINLFLHQF\
VWDQGDUGYV

86 1LQWK &LUFXLW &RXUW RI $SSHDOV '"HFHPEHU $FFH
KWWSV Z7ZZ GRFXPHQWFORXG RUJOGRBDRHEQ WV
KWPO

"HVWODZ&MOGIRUQLD &RGH BFBHYXEG BDWIRRGIWPEHU
KWWSV JRYW ZHVWODZ FRP FDOUHJV 'REXPHQW ,& '$ ¢
% & "YLHZ7\SH )XOO7H[WVRQWIHIMQBDWERPRPEQWWRF WUDQVL
WHJRU\3DJH,WHP FRQWH[W'DWD VF 'HIDXOW EKFS

=DELQ &DURO DQG .DUHAD®KIRBMHD :RUNIRUFH (GXFDWLRQ
1HHGV $VVHVVPHQW )RU (QHUJ\ (IILFLHQF\ 'LVWULEXWH
5HSRQ&G®ILWHW\ RI &DOLIRUQLD %HUNHOH\ 'RQDOG 9LDO
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WKH *UHHQ (FRQRPRP\ $FFHVVHG )HEUXDU\
KWWS ODERUFHQWHU EHUNHOH\ HGX SGI (7B$SSHQC
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$SSHQGLHWDWHZLGH 6DYLQJYV OHWKR¢

7R FDOFXODBWH VMWIWHZLGH VDYLQJV WKH 6WDWHZLGH &$6(
XQLW VDYLQJV E\ VWDWHZLGH FRQVWUXFWLRQ HVWLPDWHYV |
LQ HIIHFW7KH SUR MHREWWIGG HQ \WR D VQUHXZF W L\R R DEGRQIHEFHD V W
LPSDFWHG E\ WKH SURSRVHG FRGH FKDRE® HAK URMIKOSHJ HV H Q
7KH SURSRVHG FRGH FKDQJHV ZLOO QRW LPSDFW DOWHUTL
DSSHQGL[ GHVFULEHV KRZ WKH 6WDWHZLGH &$6( 7HDP GHYHC

7KH (QHUJ\ &RPPLVVLRQ FRQVWU XPFWDLIR®MD EOH FRW 8 X E R L FKU K
WKH (QHUJ\ &RPPLVVIKROWYVZHEYVFWKOHUJ\ FD JRY WLWOH SD

7KH FRQVWUXFWLRQ IRUHFDVW SUHVHQWY WRWDO IORRUVSD

E\ EXL@®GW\SH DQG FOLPDWH JRQH 7KH EXLOGLQJ W\SHV L
&RPPLVVLRQVY IRUHFDVW 7IDUEHD NXPLAD WD]EIGHLROVR LGHQWLILFE
SURWRW\SLEDW EXDWGZHUH XVHG WR PRGHO WKH HQHUJ\ XVH
FKDQJHV 7KLV PDSSLQJ ZDV UHTXLUHG EHFDXVH WKH EXLOG
&RPPLVVLRQ GHILQHG LQ WKH FRQVWUXFWLRQ IRUHFDVW DU
EXLOGLQJ W\SHV WRPWLWYHR@ WHI\X&VWHG WKDW WKH 6WDW
XVH WR PRGHO HQHUJ\ XVH 7KLV PDSSLQJ LV FRQVLVWHQW 2
&RPPLVVLRQ XVHG LQ WKH )LQDO ,PSDFWV $QDOLVRYQIRL WK F
(QHUJ\ &RPPLVVLRQ

7KH (QHUJ\ &RPPLVVLRQYV IRUHFDVW DOORFDWHG SHUFHQ!
QHZ FRQVWUXFWLRQ LQ WR WKH PLVFHOODQHRXV EXLOGL
VSDFH W\SHV WKDW GR QRW ILW ZHOO LQWR DWRN KHW CEXLOC
3DUW UHTXLUHPHQWY DSSO\ WR WKH PLVFHQ®X@KBRXV EXLO
UHDOL]HG IURP WKLV IORRUVSDFH 7KH QHZ FRQVWUXEWLRQ
LQIRUPDWLRQ WR GLVWULEXWH WKH PLVEROWDQNRROY EXXOG
W\SH VR WKH 6WDWHZLGH &$6( 7HDP UHGLVWULEXWHG WKH |
WKH UHPDLQLQJ EXLOGLQJ W\SHV VR WKDW WKH SHUFHQWDJI
FOLPDWH JRQH QHW RI WKH PLVFERXODE&MIRRY WWHBBIRWH |RRWD.
7DEOHRU D VDPSOH FDOFXODWLRQ IRU UHGLVWULEXWLQJ WK
DPRQJ WKH RWKHU EXLOGLQJ W\SHV

$IWHU WKH PLVFHO O IM@PWRXNGOWRRUVEBOWHG WKH 6WDWHZLGH
DVVXPSWLRQV DERXW WKH SHUFHQWDJH RI QHZO\ FRQVWUXF
LPSDFWHG E\ WKH SURSRMHEDO RRKAWHR X KO Q JH
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7TDEOFBUHVHQW WKH DVVXPHG SHUFHQWDJH RI IORRUVSDFH W
SURSRVHG FRGH FKDQJH E\ EXLOGLQJ W\SH B HDA\+F QRWH W
VWLOO ZDLWLQJ RQ WKH SURSHU EXLOGLQJ SURWRW\SH IRU |
WDEOHV ZKHQ UHFHLYHG ,I D SURSRVHG FRGH FKDQJH GRHV
ZRXOG EH LPSDFWHG E\ WKH SURSRVDO ,|I|WHR VEBNXRPHG SHL
WKDQ SHUFHQW LW LV DQ LQGLFDWLRQ WKDW QR EXLOGL
SURSRVDO

7R GHWHUPLQH WKH SHUFHQWDJH Rl QRQUHVLGHQWLDO VTXD
XQLWV WKDW ZEUMWKP®BRVRISEVDO WKH 6W DMW B BRIDGH | 8 6 W KHL
H[LVWLQJ ERLOHU DQG VHUYLFH ZDWHU &RPWXQO GDFDFLWLH
SURWRW\SHV ,I| WKHVH FDSDFLWLHVY WULJJHUHG WKH UHTXL!
IRRWDJH Rl QHZ FRQVWUXFWLRQ IRU WKDW EXL®&GLQJ W\SH Z
SURSRVDO

I WKH H[LVWLQJ FDSDF L&RIPHE XR OSBMBN &W(S&YV GLG QRW PHHW
WKUHVKROG WKH 6WDWHZLGH &$6( 7HDP XWLOL]JHG $6+5%$( E)
GHWHUPLQH D ERLOHU DQG VHUYLFH ZDWHU KHOPKMLQJ %WX S
EXLOGLQR2WQ®SE 8VLQJ WKLV QXPEHU D VTXDUH IRRWDJH 3WK
GHWHUPLQHG WR ILJXUH RXW WKH VL]H D EXLOGLQJ QHHGHG
RU ERLOHU VSDFH KHDWLQJ FDSDFLW\ RI DW OHDVW 00%WX
,QIRUPDWLRQ $GPLQKRRWBBWHRIRIIW XLOGLQJV (QHUJ\ &RQVXP
&% (&6 ZWNMQYLOL]HG WRVEHWHHPMWDIH RURRLIDIBAIQ EXLOGLQ
W\SH WKDRHERXW®&HLU \UHWEHAWKMEBGVKH ERLOHU RU VHUYLF
KHDWLQJ VIVWHPV ZRXOTUEP WHXDOKWE ROHEEE X/ XUYH\ GDWD
JLYHV LQIRUPDWLRQ RQ WKH VL]HOHRU\E)XQLIRGPOWS B R VR LEH
7KH &% (&6 EXLOGLQJ W\SHV GR SRRWROSQ FTHU BHXAVOG\L Z
DYDLH SEP@(&&RP VR DVVXPSWLRQW RIS WHKMD&M ( 8/ER (RRG
&RP EXLOBMLGOWRVHO\ DV SRVVLEOH
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TDEOH/DEOHDQU®EOKUHVHQW SHUFHQWDJH RI IORRUVSDFH C
LPSDFWHG E\ WKH SURSRVHG FKDQJH E\ FOLPDWH J]RQH RQFH
DOO WKH SURSHU EXLOGLQJ SURWRW\SH PRGHOV
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7TDEOH(VWLPDMWMWHGRQUHYV L GEHRQWIWDOX PEYDRWHG E\ 3URSRVHG &RGHI1&KD&QREGVIVQU XEWLRQ
&OLPDWH =RQH DQG %XLOGLQJ 7\SH*DVOORIRAQH&EVXDUH )HHW

&OLPI 1HZ &RQVWUXFWLRQ LQ OLOOLRQ 6TXDUH )HHW
=RQF gpDI 5EHVWD)Y 5HW )RR 1RC 5HIULJH 6FKR &ROQ +RVSIL +RW /DU.727$,
211L 1 5HIULJH :DUHKR 3HQGLC ORW 211L]I

‘DUHKR DOO F
JRQHV
EH SUHV
LQ )L
&$6( 5HS
727%/

7TLWOH "IDUMB6 ( SHSRUW 15+9%$& " _



7DEOH(VWLPDMHEEGRQUH YV L GHROWVDOX P DRWYHG E\ 3URSRVHG &R GH 1&KD&REVVQU XEWLR Q
&OLPDWH =R OGIGQJ 7\SH OLOOLR®DATEBUWLAHHWWHU +HDWLQJ

&OLP 1HZ &RQVWUXFWLRQ LQ OLOOLRQ 6TXDUH )HHW
=RQl gpp S5HVWD)Y 5HW )RR 1RC S5HIULJH 6FKR &ROQ +RVSL +RW /DU. 727$%.
211L| 5HIULJH :DUHKR 3HQGLC ORW 211L]

‘DUHKR DOO F
JRQHV
EH SUHV
LQ )L
&$6( 5HS
727%/

7DEOH(VWLPDMHGRQUH YV L G&EHRAWVDIOX PFDRWYHG E\ 3URSRVHG &RGH 1&KDHOREVIVQU XEWLR Q
&OLPDWH =RQH DQG %XLOGLQJ 7\SH &RIPPOIUEQ 06T XPWH QHHRMDFHQWUDWLRQ

1HZ &RQVWUXFWLRQ LQ OLOOLRQ 6TXDUH )HHW
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&OLP| 6PD 5HVWD)> 5HW )RR 1RC 5HIULJH 6FKR &ROO +RVSL+RW /DU.727%,
=RQF 2IILI SHIULJH :DUHKR 3HQGLC ORW 21ILI

‘DUHKR DOO F!
JRQHV

EH SUHV

LQ )L

&$6( 5HS

727%/
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7DEOH([DPSOH RI 5SHGLVWULEXWLRQ Rl OLVFHOB®DQHRXV &DW
&RQVWUXFWLRQ LQ &0LPDWH =RQH

%DXLOGLQ. 'LVWULE S5HGLVWULE 5HYLVHG
JRUHF ([FOXG OLVFHOOL JRUHF
OLOCOLVFHOOL &DWHJ OLOC

6TXDUH &DWHJ OLOOLRQ 6TX 6TXDUH |
>$ >% >e@ % 1 > s(@ $
6PDOO 211
/IDUJH 2111
5 HVWDXU
5 HWDLO
*URFHU\ €

1RQ
SHIULJHU I
'DUHKRXV

SHIULJHU
:DUHKRXYV

6FKRROV
&ROOHJH)
+RVSLWD(
+RWHO OF
OLVFHOOL
>'@

727%$/

7TDEOH SHUFHQOWRRUVSPFBIFWHG E\ 3URSR YV HEYOH.D\GADH
7\SH IRU *DV %RLOHUV 6\VWHPYV

%XLOGLQJ 7\ &RPSRVLW 3HUFHQW RI 6TXDUH )REWEL

%XLOGL@ISH XLOGLQJ 147 eRQVWL ([LVWLQJ %XLO!
6 XEW\E $OWHUD

6PDOO 2IILFF

5HVWDXUDQV

5HWDLO

6WDRGRQH 5

/IDUJH 5HWD

6WULS 0DOO

OL[H&VH 5HW

JRRG

IRG@HIULJHUI
:DUHKRXVH
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SHIULJHUDW
:DUHKRXVH

6FKRROV
6PDOO 6FKR
BHFRQGDU\
&ROOHJIH

6PDOO 2IILF
OHGLXP 21IL]
OHGLXP 21IL]
3XEOLF $VVI
6HFRQGDU\

+LJBLVH
$SDUWPHQW

+RVSLWDO 3HQG
+RWHO ORWH

2IILFHV

OHGLXP 21I1IL|

/IDUJH 2I1ILFF

D 3UHVHQWYV WKH DVVXPHG FRPSRVLWLRQ RI WKH PDLQ EXLOGLQJ W\SH
&$6( 5SHSRUWY DVVXPHG WKH VDPH SHUFHQWDJHV RI EXLOGLQJ VXE

E :KHQ WKH EXLOGLQJ W\SH LV FRPSRVHG RI PXOWLSOH VXEW\SHYVY WKH
EXLOGLQJ FDWHJRU\ ZDV FDOFXODWHG E\ ZHLJKLQJ WKH FRQWULEXWL

F SBHUFHQW RIIIORRW.RZRHBEKDWHWHUHG GXULQJ W KW DLQUG/DNU GH/D D UM KLHQ
HITHFW

7DEOH 3HUFHQWRRUVSPFBIFWHG E\ 3URSRVHE 0XD\DXALKD J

7\SH IRU 6HUYLFH :DWHU +HDWLQJ 6\WWHPV

%XLOGLQJ 7\S &RPSRVLW 3HUFHQW RI 6TXDUH )RREW

%BXLOGL@ISWHK %XLOGLQ 1HZ ([LVWLQJ %XLOC
E\ 6XEW®  erovwuU> $OWHUD

6PDOO 2IILFH

5HVWDXUDQW

5HWDLO

6WDRGRQH 5H

/IDUBHWDLO

6WULS 0DOO

OL[H&VH 5HWD

)RRG

I1RG@HIULIJHUD'
DUHKRXVH
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SHIULJHUDWH (
:DUHKRXVH

6FKRROV
6PDOO 6FKRR
BHFRQBBFKRR (

&ROOHJIH

6PDOO 2IILFH

OHGLXP 2IILF}F

OHGLXP 2IILF}F

3XEOLF $VVHF

BHFRQ GBFWRR (

+LJELVH $SDU

+RVSLWDO 3HQG
+RWHO ORWHO

21ILFHV

OHGLXP 2IILFF

/IDUJH 2I1ILFH

D 3UHVHQWYV WKH DVVXPHG FRPSRVLWLRQ RI WKH PDLQ EXLOGLQJ W\SH
&$6( 5SHSRUWYV DVVXPHG WKH VDPH SHUFHQWDJHV RI EXLOGLQJ VXE

E :KHQ WKH EXLOGLQJ W\SH LV FRPSRVHG RI PXOWLSOHPDXRW\SHY WKH
EXLOGLQJ FDWHJRU\ ZDV FDOFXODWHG E\ ZHLJKLQJ WKH FRQWULEXWL

F 3HUFHQW RI HILVWLQJZRXY®8 D\OGB/DMHUHBHEBKGXW L QJ W KW DLQUG/DNU GH/D D UM KLHQ
HITHFW
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7TDEOH SHUFHQPOWRRUVSPFBIFWHG E\ 3URSRVHE 0HXDL\OD)ALH) J
7\SH IRU &RPPHUFLDO 2[\JHQ &RQFHQWUDWLRQ

%XLOGLQJ 7\SH &RPSRVLW 3HUFHQW RI 6TXDUH )RF

% XLOGLQISHKE NXLOGLQ 1HZ ([LVWLQJ %.
E\ 6XEW®  e¢RQVWUX 6WRFANOWHUD

6PDOO 2IILFH

5HVWDXUDQW

5HWDLO

6WDRGRQH 5HWEL

/IDUJH 5HWDLO

6WULS 0DOO

OL[H&/H 5HWDLO

)RRG

I1RG@HIULIJHUDWH
:DUHKRXVH

SHIULJHUDWHG
6FKRROV

6PDOO 6FKRRO
BHFRQGBWRRO
&ROOHJIH

6PDOO 2IILFH
OHGLXP 2IILFH
OHGLXP 2IILFH /I
3XEOLF $VVHPEC
6HFRQGBKRRO
+LIJBLVH $SDUWF
+RVSLWDO 3HQG
+RWHO ORWHO
21ILFHV

OHGLXP 2IILFH
/IDUJH 21ILFH

D 3UHVHQWYV WKH DVVXPHG FRPSRVLWLRQ RI WKH PDLQ EXLOGLQJ W\SH
&$6( 5SHSRUWYVY DVVXPHG WKH VDPH SHUFHQWDJHV RI EXLOGLQJ VXE

E :KHQ WKH EXLOGLQJ W\SH LV FRPSRVHG RI PXOWLSOH VXEW\SHV WKH
EXLOGLQJ FDWHJRU\ ZDV FDOFXODWHG E\ ZHLJKLQJ WKH FRQWULEXWL

F BHUFHQW RIIIORNRWL.RZRHEBEKDOWWHUHG GXULQJ W KW DLQUG/DAU GH/D D UM KLHQ
HITHFW
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7TDEOH3HUFHQW RI )ORRUVSDFH ,PSDFWHG E\ 3BURSRVHG OHDV
IRU *DV %RLOHU 6\VWHPV

&OLPEL 3HUFHQW RI)RRYDONIH ,PSDFWHC
=RQH 1HZ &aRQVWU ([LVWLQJ %XLOGEQWHWR
SHQG

D 3HUFHQW RI HILVWLQZRXE®R D\BDHFUHHEBKGXW L QJ W KW DLQUG/MU BH/D D UMW KIHQ
HITHFW

7TDEOH3HUFHQW RI )ORRUVSDFH ,PSDFWHG E\ BURSRVHG OHDV
IRU *BMUYLFH :DWHU +HDWLQJ

&OLPL 3HUFHQW RI 6TXDUH JRRWDJH ,
=RQH 1HZ &aRQVWU ([LVWLQJ %XLOGEQWHWR
SHQGLQJ

7LWOH 'IDUME6 (BHSRUMLIK (IILF6RQBHUYV DQG 6HUYLEH :DM6HUO$SEHDWLQJ



D 3HUFHQW RI HILVWLQJARX®R& D\SDHFUHHEBKGXW L QJ W KW DLQUG/MMU BH/D D UMW KIHQ
HITHFW

7DEOH3HUFHQW Rl )ORRUVSDFH ,PSDFWHG E\ 3URSRVHG OHD\
IRERPPHURLDIMERQFHQWUDWLRQ

&OLPD SHUFHQW RI 6TXDUH )RR

=RQH 1HZ @RQVWL ([LVWLQJ %XLOGEQW HWR
SHQGLQJ

D 3HUFHQW RI HILVWLQZRXE®R D\BDHFUHHEBKGXW L QJ W KW DLQUG/MU BH/D D UMW KIHQ
HITHFW

7LWOH 'IDUME6 (BHSRUMLIK (IILF6RQBHUYV DQG 6HUYLEH :DM6HUO$SEHDWLQJ



$SSHOQGUPHHGGHG (OHFWULFLW\ LQ :
OHWKRGRORJ\

7TKHUH DUHWIQRHRZDWHU VDYLQJY DVVRFLDWHG ZLWK WKH SUR

7LWORBDUWDI6( SHSRUW 15+9%$& " _



$SSHOGL[Q& LUR QP H Q WMHOV KIRSDRFOMRJ \

*UHHQKRXVH *DV *+* (PLVVLRQV )DFWRUYV

$V GLUHFWHG E\ (QHUJ\ &RP PLFM\RZRIQRDO F X © D WIHEJ XV H
RWHKHYHUBPHVWLBPWRSHFLILHG LQ WKH 8QLWHG 6WDWHV (QYL
3URWHFWLRB6$03HQMLVVLRQV DWAIQRHQUS5HVRXUFH ,QWHJUDWHG
H*5," I RKMV:HVWHUQ (OHFWULFLW\ &RRUGLQDWLRQ &RXQFLO
VXEURBQLWHG 6WDWHV (QYLURQPHQWD O RBRURWEFWULRY $JHQ
FRQVLVWHQF\ EHW ZHHDOVMADMLEP DY GRIGG RU SRWHQWLDO HQYL
7KH HOHFWULFLW\ HPLVVLRQV IDFWRU FDOFXODWHG IURP WK
&2 H SHU *7KH 6XPPDU\ 7DEOH IURP H*ULG UHSRUWV DQ D
RI SRXQGV &2 H 0:K IRU WKH :(&& &$0; VXEUHJLRQ 7KLV "
WR PHWULF WRQQHV *:K

$YRLGHG *+* HPLVVLRQV IURP QI/WXWUER®WDEOMHD WIRQYRXUFHV |
X WL\OARDWOH HOHFWULFDO SRFDIOWF X6 QW H B WK\ RMNREIH\FVY L RHG
LQ &KDSWHU RI W&RIPS 160 DWSIIRQ RI $LU 3ROOXWDQW (PLVVI
8QLWHG 6WDWHY (QYLURQPHQWDOKHUKW HERBIR H$WMEBWH V
*+* SROOXWDQWY WKDW DUH HPLWWHG GXULQJ FRPEXVWLRQ
QDWXUDO JDV DUH SRUDRBY 'RRER2GH BRXQWGUR RV 1
2[LGH DQG SRXQUGMVRDQH 7KH HOPUVVREDYVYROPHG WKDW OF
12 EXUQHUV DUH XVHG LQ DFFRUGDQFH ZLWK &DOLIRUQLD D
7KH FDUERQ HTXLYDOHRQ@WGY@BXUHWROEXODWHG E\ PXOWLSO\L
JOREDO ZDUPLQJ SRWHQWLDOV *:3VRWUDAK W % R RD® XI\RHU® LR L
*+* HPLVVLRQ LQYHQWRU\ ZKLFK DUHBRGQVIWWKQW ZI
WKH ,QWHUJRYHUQPHQWDO 3DQHO R QRO IWKDDAHV &N D O Bi i W VUHH
$5 7KH *:3 IRUDIQG &WH DQG UHV SIHFWR YQ-RP\L @VO YDO:
RI %WX SHU VWDQGDUG FXELF IRRW Rl QDWXUDO JDV WK
IDFWRU IRU QDWXUDO JDV FRQVROOWMBL®POVRQ WKMWWUYLF W

*+* (PLVVLRQV ORQHWL]DWLRQ OHWKRGRORJ\

7KH 7'9 HQHUJ\ FRXWHGD EQY RMK\H OHIHFRRAAN HRNWW DQDO\VL
LQFOXGH WKH PRQHWDU\ YDOXH RI DYRLGHG *+* HPLVVLRQV |
FRVWY QRW VRFLDO FRVWV 7R GHPRQVWUDWH WKH FRVW V
WKH 6WDWHZLGH &%$6( 7THDP GRORBIRHDWHGHWKH* HPLVVLRQ
RWKHU HFRQRPLF LPSDFWV 7KH DXWKRUV XVHG WKH VDPH P
WKH 7'9 IDFWRU®%2H

7LWOBDUWDIN6( 5HSRUW 15+9%$& ' _



'DWHU 8VH DQG :DWHU 4XDOLW\ ,PSDFWV OHWKRGRO
7TKHUH DUH QR LPSDFWV WR ZDWHU TXDOLW\ RU ZDWHU XVH

7LWORBDUWDI6( SHSRUW 15+9%$& " _



$SSHOGRPOLIRUQLD %XLOGLQJ (QHU.
&RPSOLDQFH &%(&& 6RIWZDUH 6SHF

QWURGXFWLRQ

7KH SXUSRVH RI WKLV DSSHQGL[ LV WR SUHV&RPIORDRISRVHG
ZLWK WKH VXSSRUWLQJ GRFXPHQWDWLRQ WKDW WKH (QHUJ\
WSSRUW FRQRXOQEWERWR DSSURYH DQG LPSOHPHQW WKH VRI

$SSHQGL[ ' *DV %RLOHU 6\VWHPV

THFKQLFDO Y%GIRVIWZ DRIW &KDQJH

&RQGHQVLQJ ERLOHUVY DUH D PDWXUH WHFKQRORJ\ LQ FRPPH
6HFWLRQ TWHO WP G '"HVLIQ VSHFLILHYV SHUFHQW W
JDMLUHG ERLDODGISKNWROMWLRI FDSDFLWLHV RI TKK#®WXVX K RU PRI
SUHVFULSWLYH RUUWGE WISID FRIUKHDW LQJ ERLOHBHWVWW IWRHP V HV W

PRGLILHV WKH HIILFLHQF\ RUWKHRBRMWIHUGHRG "BYUUFRHQW |
RXWOLQHVY RWKHU NH\ YDULDEOHY QHHGHG WR VLPXODWH Wtk
HQHUJ\ PRGHOLQJ VRIWZDUH

'"HVFULSWLRQ RI 6RIWZDUH &KDQJH

Background Information for Software ~ Change

7KLV UHSRUW GHV$FHUEHRMORZ WKHUPEDOQHIHLEPBSQHPHQWHG |
&N (&&RPRU WESKMDWLQJ FDSEF LOWLIKHWOR I

Existing CBECC -Com Modeling Capabilities

&% (&&RP FXUUHQWWKIRRBGHANGDUG 'HVLIQ SHW ERQ QW HW KHUNWPKD
HITLFLHQRSKEBWD WLQJ FDSDFLWLHV RI WX K RU PRUH

Summary of Proposed Revisions to CBECC -Com

7KH SURSRVHG FXPQUERIG/HEWILREGOXGLQJ SULPDU\ EXLOGLQJ
VSDFH W\SHVY FOLPDWH J]JRQHV RU V\VWHPV WKDW DUH SUHG
&N (&&RPZRXQEHG WR EH PRGMKMA/G WIRH 6 WDQGDUG 'HVLJQ JC
V\VWHBHURR UIPNBWUPDO HIILFLHHUY FIRRPWRIVWHPY EHWZHHQ

00%WX K DDQG@WXCHKVLIQ FDIRAWWNQGDUG 'HVLIQ IRU WKHVH E
V\VWHPY DOVR QHHGV WR EH XSERMHG® ¥ B WHHU OLHEYWH® WHP S|
DWHPSHUDWXQFHH (RA) I RUKLIEBKWEOHHQ LQOHW DQG RXWOHW DW

7LWOBDUWDIN6( 5HSRUW 15+9%$& ' _



8VHU ,QSXWV WeRRR % (& &
1R FKDQJHV WR XVHU LQSXWV DUH QHHGHG WR VXSSRUW WKL

6LPXODWLRQ (QJLQH ,QSXWV

EnergyPlus/California Simulation Engine Inputs

7TDEOWXPPDUL]HV WKH JHDBEERIPXW YDULDEOH DQG FRUUHVSF
YDULDEOH QDPHR® &N(@BUI\NIUXYDWHKOEOH LV ORFDWHG LQ W
%RLOHU + RBAM B)#UU R

7DEOH (QHUJ\30XV ,QSXW 9DULDEOHY 5HOHYDQW WR +RW :DW
7DUJHW (QHUJ\30X\2 ,&@DNA7:$7 (5

(QHUJ\3O0OXV )LHOG &% (&&RP XVHU 8QLV 1RWH)
LQSXW VSHFLILHG Y

LI DSSOLFDEOH
1DPH 1DPH

1RPLQDO 7TKHUPDO 7KHUPDO (Il 1RQ

JLIXUH(QHUJ\3PEWHYARNLOHU +RWZDWHU

7LWORBDUWDI6( SHSRUW 15+9%$& " _



Calculated Values, Fixed Values, and Limitations

7KH WKHUPDO HIILFLHQF\ RI WKH HER WXHUULX\O BN W& HRHIQ+ 9 &) G L

%RLOHU VHFWLRQ 5&KHBOWWRWEROFKMKDQIHG WR UHIOHFW WK

HITLFLHQF\ RI1 JDV ERLOHU VA\VWHPV LQ 6HFWLRQ TKHUPDGOG

QHHGV WR EH DGGIHGHRBWUERDOHIDNZLWK FOSHB WMWK D\QEHW ZHH
00%WX K

6LPXODWLRQ@X@JIILXQM 9ODULDEOHYV

&% (&&RP JHQHUDWHY KRXUO\ (QHUJ\30XV VLPXODWLRQ UHVX
DQDO\WVLVY 7KHVH KRXUO\ VLPXODWLRQ UHVXOWY FDQ EH XVH
HQHUJ\ PRGHO 9DULDHOHAWHRHSWUWL AANMUFDVH ZRXOG LQFO

%RLOHU +HDWLQJ 5T0EH KRYDON >: @

%RLOHU +HDWLQJ (@ 8I$)&\6KR XU @\

%RLOHU *DV 5DWOSKRRIMMHAADJH >: @

%RLOHU *DV (QH UJ9S$SKRREOURD » - @

%RLOHU ,QOHW 7HPSHUBWHUHI RRN PG \@
%BRLOHU 2XW OMX\W A HPREXAB@E\ $YHUDJH >&@
%RLOHU ODVV )ORZ 5BDHBHSKRIXIDAH >NJ V@
%RLOHU $QFLOODU\ (OHRWS& S BREB UHKR)@U O\
%RLOHU $QFLOODU\ (OHFA8B$EF6XPHX-I® KRXUO\
%RLOHU 3DUW /RDG+3DBW ISR HKERXUHO %> @

7TKHH[LVWLQJ DOJRULWKPV IRU FDOFXODWLRQV IL[HG YDOXHYV
SURSRVHG PHDVXUH 1R FKDQJHVY DUH QHHGHG

X X X X X X X X X X

&RPSOLDQFH 5HSRUW
1R FKDQJH QHHGV WR EH PDGH IRU WKH FRPSOLDQFH UHSRUYV

&RPSOLDQFH 9HULILFDWLRQ

7KH[HVWLQJ FRPSOLDQFH UHSRUWY DUH VXIILFLHQW IRU WKH
DUH QHHGHG

7HVWLQJ DQG &RQILUPR® D RGHOE QJ

7KH H[LVWLQJ WHVWLQJ DQG FRQILUPDWLRQ SURFHVYV DUH V.
1R FKDQJHV DUH QHHGHG

'"HVFULSRILRIODQJHV WR $&0 5HIHUHQFH O0DQXDO
7KLY LQIRUPDWLRQ LV DYDLODEOH LQ 6HFWLRQ

7LWOBDUWDIN6( 5HSRUW 15+9%$& ' _



$SSHQGL[*DYVY 6HUYLFH :DWHU +HDW

THFKQLFDO %RV WWAZ DRIBIQ& H

*DV VHUYLFH KRW ZDWHU KHDWLQJ VI\VWHPY DUH D PDWXUH V
DV DGGUHVVHG LQ 6HFW&RM® FXUUR®YW®E PRGHOV SHUFHQW
HIILFLHQF\ IRU WKH 6WDQGDUG 'HVLZQWRXW WRDW I ZDWHU
FDSDNOWIUHHU WKB@ X BDRULQVWDQWDQHRXV ZDWHU KHDWHU
ODUJHU WKDQ 7KHWXVBWKHVFULSWLYHLFUHG/NMHUNURKW 2DWH U
KHDWLQJ VI\VWHPV GIVFWIBROBYIRNGAK D EDVLV IRU FKDQJHV W
6WDQGDUGIIW EDWHU KHDWHU DQG RXWOLQH WKH NH\ YDULI
SHUIRUPDQFH RI WKHVH V\VWHPV LQ HQHUJ\ PRGHOLQJ VRIW.

'"HVFULSWLRQ RI 6RIWZDUH &KDQJH

Background Information for Software Change

7KH FRPSOLDQFHRXRIGE® WR EH PWRKSIIO NAEH DHRDLCF L H@ R\
SHUFHRBWDQGDUG 'HVLJQ JDV VHUYLFH KRW ZDNWZHW\QY WH P
00%WKXDQ®0%WX K

Existing CBECC -Com Modeling Capabilities

&% (&&RP FXUUHQWOSPARGWQWUPDO HIIWHKH @W\DIRG&DUG 'HVLJIC
JDV VWRUDJH ZDWHRXKHRMWMHWL QJ FDBWIIH-W IWH\BGX K RU
JDV LOQOVWDQWDIQHRWH ZZWWK DQ LQSXW RI ODUJHU WKDQ

Summary of Proposed Revisions to CBECC -Com

7KLV USSRSWVHY UHYLVLQJ WKH WKHUPDO HIILFLHQF\ RI 6WE
ZDWHU KHDW LDLUWHK \VGADBDE EW WZHH Q0% WKIURP SHUFHQW
(WR  SHUFHQW

8VHU ,QSXWV WERB%(&&
1R FKDQJHV WR XVHU LQSXWV DUH QHHGHG WR VXSSRUW WKl

6LPXODWLRQ (QJLQH ,QSXWYV

EnergyPlus/California Simulation Engine Inputs

7TDEOHWXPPDUL]HV WKH JHDBYRERIPAWW YDULDEOH DQG FRUUHVSF
YDULDEOH&OMDRER]® ,Q (QHUIJWWOXBUWKEOH LV SDUW RI WKH
DWHU+HDWHU OLJHXRBREMHFW

7TDEOH (QHUJ\30XV ,QSXW 9DULDEOHV 5H0O0RWBQW WR +RW :DW
7DUJHW (QHUJ\30XYWEBHODANHWD WHU OL[HG

7LWOBDUWDIN6( 5HSRUW 15+9%$& ' _



(QHUJ\3O0OXV )LHC &% (&&RP XVHU LQSXW V: 8QL\ 1RW

YDOXH
LI DSSOLFDEOH
1DPH 1DPH
+HDWHKHHUPDO (Il 7TKHURDOFLHQF\ 1RQI

JLIXUH(QHUJ\30XV LQSXW IRU D :DWHU +HDWHU

Calculated Values, Fixed Values, and Limitations

,Q WKH UXOHVHW RI :DWHU+HDWHU VHFWLRQ 58/( :WU+WU &F
FKDQJHG WR UHIOHFW WKH SURSRVHG WKHUPDO HIILFLHQF\ F

7LWORBDUWDI6( SHSRUW 15+9%$& " _



7KHUPDO HIILFLHQF\ (W RI SHUFHQW RDBWBYV WHRDEWH D &Z& Ma
GMLJQ FDSDFLWLHYV HTXDOWRWU KUHDWHU WKDQ

6LPXODWLRQ (QJLQH 2XWSXW 9DULDEOHYV

&% (&&RP JHQHUDWHY KRXUO\ (QHUJ\30XV VLPXODWLRQ UHVX
DQERDO\WVLY 7KHVH KRXUO\ VLPXODWLRQ UHVXOWY FDQ EH XVH
HQHUJ\ PRGHO 9DULDHONWHRHSWUW)L AWXANMUFDVH ZRXOG LQFO

:DWHU +HDQMWHUHPBHUDWX U $RRIXVKUDIH >& @
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
$YHUDJH >: @
:DWHU +HDWHU
6XP >-@
‘DWHU +HDWHU
$YHUDJH >: @
‘DWHU +HDWHU
XP >-@

X X X X X X X X X X X X X X X

X X X X X X X X X X
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:DWHU

:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU
:DWHU

+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU

)LQDO 7DQN 7-HIBRHSDNUOIH K RXEU O\

+HDW /RVY$SEDIWHH KB XH O\ @

+HDW /RV W Y$8HBAP KR BUO\

8VH 6LGH OMNOA DGR ZS BB WBJIKR>NJ V@

8VH 6LGH ,QOHW 74P $ ¥ DIVDHU H&HKGR X U O\
8VH 6LGH 2XWOHW §& BYHUDWHK P& @R XUO\
8VH 6LGH +HDW 7#9B& \$NHUBDW B KGR X U O\

+HDWHURBDW ZIlUODHVIHU (QHBY3E& KRORPUD\@

+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU

+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU
+HDWHU

6RXUFH 6LGH ODVY9$)ORYHDDVH KR X W@

6RXUFH 6LGH ,QOHW & HFYFHHIWDD W Xl &HD K R X U
6RXUFH 6LGH 2XWOHW&7HPHBRIBNV XUH KR X
6RXUFH 6LGH +HDW 98D ®WHH D 3D WD KR X U
6RXUFH 6LGH +HDW ¥YMRQFXIPU>{@HUJ\ KRX
211 &\FOH 3DUDVLWLF 7TDQNO$SEKDW 7UDQVII

UDGLRMOH IDQN +HDW 7UDQ¥IB& (QHUJ\ KI
2Q &\FOH 3DUDVLWLF 7DQN9$BDW 7UDQVII
2Q &\FOH 3DUDVLWLF 7DQN+9$RW 7UDQVII

7RWD @ DIPD G 5DHI\U WORBRXSNHUDJIH >: @
7TRWDO 'HPDQG +HDW+RBBRPKIHUG -@HUJ\ KF
+HDWL@ISRRD WWHKRIH G\ @
+HDWLQXF{®& B X\PKRIXQU O\

S8QPHW 'HPD G®OWHDIR IO IYHUDJIH >: @
8QPHW 'HPDQG +HDW 79B&\6DHRU X(-@H U J\ KR
OHQWLQJ +HDW 7IBRQVYHU BIHNH: @R XU O\
OHQWLQJ +HDW 7HDERVBEXP cQAUJ\ KRXUO\
1HW +HDW 7UDGI BYHAUDDMH KRAE UO\

1HW +HDW 7UDQWHI&EHBXYXP BU@ KRXUO\

7LWOBDUWDIN6( 5HSRUW 15+9%$& ' _



':DWHU +HDWHU &\FOH 2Qr &R §XWP K:RX U O\

'DWHU +HDWHU 5XQWLPH YD $NLIRPDK R X-U@D \

':DWHU +HDWHU5®MWLWR KFRDE$R\$SYHUDJIH >@

':DWHU +HDWHU *DV 5DW& KRXWIDAH >: @

':DWHU +HDWHU *DV (Q+958 &RKUO®

':DWHU +HDWHU 211 &\ FOH 3DUDVEWLE $DN UIDIWH> K& X U O\
':DWHU +HDWHU 211 &\ FOH 3DUDVLWaS& BXPQH@J\ KRXUO\
':DWHU +HDWHU 2Q &\FOH 3DUDVEWSE $ DN UBIDMWH> K& X U O\
':DWHU +HDWHU 2Q &\FOH 3DUDVLWRS& BXRQH®@J\ KRXUO\
':DWHU +HDWHU :DWHU 9ROXPH9&K 23 BBHWH K RPU ¥\@
':DWHU +HDWHU :DWHU 9%R®& BN FKRK U@ \

‘DWHU +HDWHU ODLQV :DWH#BSR BXPH>RR&X U O\

X X X X X X X X X X X X

&RPSOLDQFH 5HSRUW

7KH H[LVWLQJ FRPSOLDQFH UHSRUWYV DUH VXIILFLHQW IRU W]
DUH QHHGHG

&RPSOLDQFH 9HULILFDWLRQ

7KH H[LVWLQJ FRPSOLDQFH YHHLYXFDWLRQW URWF HWK/HH 3 DR SR\
1R FKDQJHYV DUH QHHGHG

7HVWLQJ DQG &RQILUPR® DRGHOE QJ

7KH WKHUPDO HIIUEUMHGFVIRUYDNWH ZDWHUOKPADMEKHOUQGEHWZHHQ
0O0%WKLQ WKH 6WDQGDUG 'HVLIJQ PRGHO VKRNXKH VEKHRRP@IQ U P
HIILFLHQF\ ILHOG RI WKH %RLOHU +RW:DWRB REMHFWY JHQH!

'"HVFULSWLRQ RI &KDQJHV WR $&0 5HIHUHQFH 0ODQXDO
7KLV LQIRUPDWLRQ LV DYDLODEOH LQ 6HFWLRQ

$SSHQGL[2[\JHQ 7ULP &RQWUROV

THFKQLFDO Y%OIRVIWZ DRI &KDQJH

2[\JHQ WULP FRQWURO LV D PDWXUH WHFKQRORJ\ LQ FRPPHU
BHFWLRQ SERP(EKUUHQW MFE RN G VQIRRMW FMKHR I R[\JHQ WULF
FRQWURRPRIQUFLDO D ER [SOHRUFFHVA SUHVFULSWLYH FULWHULD |
FRQWURO HVWDEOLVKHG LQ WKEW LBRODW G\$ R([ \SIHHR WW LIPQF R Q \
UHTXHOHPY IRU WKH 6 WDIMVGBRGOMIYLD@G RXWOLQHV RWKHU N
QHHGHG WR VLPXODWH WKH SHUIRUPDQFH RI WKHVH V\VWHP\

'"HVFULSWLRQ RI 6RIWZDUH &KDQJH

7LWOBDUWDIN6( 5HSRUW 15+9%$& ' _
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